Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



WILSON'S Photographics. 

(Ask for CHAUTAUQUA EDITION.) 

The hestphotoffrapMc lesson-book, by Edward L. Wilson, editor of Wilson's 
Photograpnic Magazine, Photographic Mosaics, etc. The author believes it to 
be the best effort he has ever made, and begs leave to call attention t<> a few 
of its peculiar advantages as a standard work /or all workers inphotogrfiphy. 

A. Treatment of the Subject; B. The Needful Apparatus; C. The Objec- 
tive or Lens; D. The Dark-poom ; E. Preparation or the Glass; F. Chemicals 
and Solutions; G. The Manipulations; U. Manipulatory Miseries; 1. Ke- 
touching the Negative ; J. The Glass Studio ; K. Accessories and Light : L. 
Managing the Model ; M. Printing on Albumen Papier ; N. Printing on Plain 
Paper; 0. General Remarks on Printing; P. Printing on Various Surfaces; 
Q. Printing Perplexities ; R. Art in Printing; S. Mounting and Finishing; 
T. Photography Outside ; U. Bromo-gelatine Emulsion Work ; V. \'<)jrur8 
Collodion Emulsion ; W. Enlargements and Lantern Slides; X. Phototyjies, 
Platinotypes, and Collodion Transfers ; Y. Wastes and their Worth ; Z. Met- 
rical Measuring ; &,. Concluding Confab ; Index ^six pages). 

It is believed that this is the most valuable work ever offered to the work- 
ing photographer. It contains 352 pages. More than 100 illustrations. Com- 
pamon to Q,iutrter Century. 

$4.00 POST-PAID $4.00. 

It is printed on fine white paper made especially for it. The author has 
received a thousand testimomals. For the beginner, for the amateur, for the 
photographic worker, it is believed to be the most complete. 

EDWARD L. WILSON, 853 Broadway, New York. 

WILSON'S 

QUARTER CENTURY IN PHOTOGRAPHY 

Contents:—!. The History of Photography ; 2. The Theory of Photography ; 
3. Light; 4. The Camera; 5. About Lenses ; 6. The Diaphragm, or Stop ; 7. 
Glass-house Construction ; 8. Under the Skylight ; 9. The Application of Art 
Principles ; 10. Outdoor Operations ; 11. Exposure, or the Question of Time ; 
12. Concerning Chemicals ; 13. Dark-room Contrivances ; 14. Negative Making, 
Wet ; 15. N^ative Making, Dry ; 16. Negative Making, Paper and Film ; 17. 
Retouching and Doctoring the Negative ; 18. Printing on Alburaenized Paper ; 
19. Printing Drawbacks and Defects— Causes and Remedies; 20. Printing-room 
Particulars ; 21. Peculiar Printing Processes ; 22. Color-sensitive Photography 
— Isochromatic— Orthochromatic ; 23. Photo-engraving and Pictorial Illus- 
trations ; 24. Lantern Slides and Transparencies. 

For the modem student this is the best book. The thorough student needs 
both. Except for special departments of work, no other books are needed. 

Price, $4.00 Post-paid. 

The arrangement of Quarter Century is exceptional in one respect that g^reatly 
increases its value for general work : The main text is supplemented by foot 
notes in smaller type, comprising quotations from all our leading writers, and 
in many cases containing original methods not yet generaUy known lo 
photographers. Its readers will be more than repaid by a close comparison of 
the methods presented.— /ron. 

The great test of such a book comes not with the reading, but with the use. 
The clear style, the straightforward directness of every line, the exactness of 
all dimensions given, and the fulness of all treatments, give assurance that 
this work is for vm. We do not see how any photographer, or any learner of 
this .wonderful art, can attain the most complete and perfect mastery of the 
subject without this work. It is a complete thesaurus, and one not soon to be 
supplanted by a better.— Dean Wright, in the Boston Academy. 

EDWARD L. WILSON, 853 Broadway, New York. 

(O 



TilE BEST ItEArEItS IN TUB FIELD OF AKT HAVK LEFT FOE t 
THE IVINMOWED GRAIN, IN 

»JOHN BURNET'S "ART BSSAYS.1 
COMPOSITION, LIOHI AND SHADE. 

EDnCAIION OF THE EYE. 

F\r-mMrLE Photouthoubifiuc Kbpboduchon of Thrke WoaEs IK 
FBOH TEE (1822-1827) Okicikaui. 
gAoiiId be in the hmdn of cr 

■ ■ .- . - , c r,.,_..j,-. — „ .. .ig kiglieHfurmi m 

, ._ liiTalnable- Otic 

of IhBm full page) aro 



FhousriLphf^ 






rum the riidiinfn 
■ ■ !r aJlfca will 



omplary works ol 
;iaiiile;_Rul)enn;DBLe.Br;Te_rbutE: McIkh; J^enibmndt : Corregio : Raphael ; 



tiuldo; "Wtst; Domenlcbino 
enty yeaxs It ha! 
■B U the highest 



iBndatlon. 



d knen 



le aaJ^ guide to 

. . . . v„o1j ^ ^ 

. ... . ratber one to be Htadied 

have becuioe a part of one's dafiulte 



I, P. KOBINSOH. 

The '^Practical Essays of Art" fonu the aafeet guide to all studenta of ^c- 
tiidal anuneeineat and CDTnpueltiDn. It Is not a booli: lo Iw placed on the 

library Bhelvea to be consnlted from f — •.— -- u... „.u », t. . - - ■ 

iJatly tmtil all tlie pr1iivliil(« It ad van 

linowledge. Delight in poasesalon of ihla sort no money 

i. WELia Ci 

Yon certainly desflrve great credit for reBnrr^ting Ibia yaluable and niuoh 
needed worli, and snccesa ix sure lo come. KNOCa EooT. 

Mr. WllsonhaarenduKd a service to arUsta, amalenia, and students, by the 
repnblieatlon of these esBays of the late John Burnet, which have been long 
out of print and dlfflL'Ult to procure in tbeir oriElnal fonn. He has avall^ 
himself of the new art of Teprednction by phouigT^phy. and by ita aid haa 
nnt the original book before us in/nc-siinlic— lype and illuBtratlaUB alike, and 
lu the same Binn in which Jt waa published— a, convenient small quarto, with 
a nell-opeuod tege and ample margins: a form, it may bo added, much 
aflteled in the flrat quarter of the centuiy.— rAe audio. 



Dr. Wiiboh has hit upon the very happy Idea of reprodncing these three 
valuable works bound iuto one volume— with all the original ill ustratinns. 
The book, Indeed, is a fae aimilB rBproductioTX of the originalt, both idclurea 
and text being copied by the aid of photo-lithography. 

-Vrmn. Uu " St. IauI* PhoMKnpber." 

WiULB all parts are of great value to the student, we think the part on 
" Edncalton of the Eye " will be found of most practical value lo the pholog- 

PHOToaBAPUKRS and all other arlists owe jroii a debt of gratitude forgiving 
them the oppt^rtunity of beijomin^ poasesaora of pucb a work. 

I'llOF. C. II. BOTllAMLBY. 

Ills handsomely boujid, 8100 cannot purchase a copy of the original wtu 

Price, POST-PAID, 84 00, to any country. 

E. L. WILSON, Photo, Pub., 853 Broadway, N. Y. 



WBW BOOK. Al^ aMCMJBTS OBMNMIK 



PHOTO-ENGRAVING, PHOTO-ETOflING, 
and PHOTO-LITHOGRAPHY. 

/COMPLETE instmctioiis and formuls by an expert in England (W. T. 
\j Wilkinson), with my own oontribntions and translations fh>m the French 
and German. The whole of the Processes made known. 

CONTENTS. 
FABT I— PHOTO-ENGRAVING IN LINE. 

Chaptxb I— Appliances for Making Photographic Negatives. II— The Wet 
Collodion Process, m— Photographic Manipulations. IV— Apparatus for 
Printing Upon Zinc. V— Printing on Zinc in Albumen. VI— Printing on 
Zinc in Bitomen. VU— Direct Transfers to Zinc. VIII— Etching Line 
Transfers. 

FABT II— PHOTO-ENGRAVING IN HALF-TONE. 

Chaptkb I— Retrospective. II— Making Grained Negatives. Ill— Etching 
in Half-tone. IV— Printing from the Block. V— The Transfer of the 
Drawing and its Treatment before Etching. VI— Hints fh>m all Sources. 

FABT III— PHOTO-ENGRAVING ON CX)PPER. 

Chaptkb I— Subjects in Line. U - Half-tone Intaglios. Ill— Half-tone In- 
taglios— Cbn^nued. IV— Half-tone Intaglios, Electro Method. 

FABT IV— PHOTO-LITHOGRAPHY IN LINE. 

Chafteb I— Photo-lithography in Line. II— Paper Transfers. Ill— Paper 
Tnxi&fen— Continued. IV-Toovey's Negative Transfer Process. V— To 
Develop Photo-litho. Transfers. 

FABT V— PHOTO-LITHOGRAPHY IN HALF-TONE. 

Chapter I— Photo-lithography in Half-tone. H— Ink Photos. Ill— Hus- 
band's Papyrotint Process. 

FABT VI— COLLOGRAPHIC PRINTING. 

Chapter I— Half-tone Photographic Negative. II— The Heliotype Process. 
lU— The Collotype Process. IV— Printing from the Collotype Plate. V— 
The New Home Printing Process. 



It describes granhically and in a comprehensive manner, cuid supplies a 
lonff-felt want.— Prtoto. Times. 

We heartily commend a book that is so well made.— ^Ti^on^'s BuUetin. 

The knowledge of the subjects treated is becoming more and more a 
necesBity.— 7Ae £%. Louis and Canadian Photographer. 

180 pafi^ 6)^ X 8^ In. Clotli Bound, Prlo« $3.00, Post-paid. 

Many illustrations and a complete index. 



Edw. L. Wilson, Photo-Book Publisher, 

No. 853 Broadway, New York. 



The Photographic Times, 

Edited by V. I- LINCOLN ADAMS, 

la ninMrBtrd Everf Week wllK a Full-pseu Pletnn, 

thus including hi tLu yisir FIFTY-TWO FOLL-PAQE PIOTUBHl, and 
mating It tbe boat illtutrated Photographio pBriodlcal In the world. SpefiaL 
niunbera cunlaln more lbn.ii ouu liigh-giwie llliislraUon : and Ihoro are piib- 
llsheU, beside tLesc, superb Photo gravu res, pictorial illostiatluoB, liy 
other photographic ainl photo-meohaaical printiDg processes. 

The lUustmliunn arc carefully eelci'ted, and rcjiresent llw beat nork of 
repFeeenlative American artists. Them are also copies of Ihmoiia piclureB. 
fmm tlue to time, to lllustrute lessons bi art tor photographers, occamijauleil 
by inatroctlve ceuUns matter. 

The EUKorlBls and Eilltarliil Not*! arcuf KreatQSl piBOtioal value, 
as tliey are the result of actual pmottce and experiment, by Ibe Blafl". 
_Leai)IS(; AiiTicLtJi by such aoknowledged authorities as Prof "W. K. 






ilSvbj 



contributions Ihinl G. Watmough V 

-. Louse, Dr. Sudmjl 
. of German,'- 
_ . iay Qftller] 

PriAITit.lL PFIfTOGHiJTlEBa SB W. H. t 

Mora, U. McMtcbabl, J. B. SwiiN, ani 

VuH'ius Occadonal Articles of a Pn 

fiivoriie ciintribuWrs ; Rev. C. £ Woo1iH:1N, Ph.D.. C, D, Cheney, D.D.S., 

Hesry M. Parkiiuest, Chakles Wauek Hull, C. W. Cahfieiji, Rev. U, M. 

"' " - .. - lY, Misa AOEIAIDK 8KKBL. A 



THE FHOTO-HICHAinCAL PRIimHG PROCESSES, 

By Eus&sT EiiU'Aiuis, praaidentof tbe Photo-gravuie Coiiiiio-ny, 
"Piotureaot the Month," and the eerles of tunclical "Chlpa from an 
Amal8ur-B Workshop.^' by the Ept. W. hTeiirbank. ■' Occasional 
Motea,"by I'ri.f. W, U, PirKKHlMl.ofHarvardCoUBgeClbsorvalurj. The 
ChemiBtry of PhotogrBphy, by Jkbome Hibrbson. F.G.S. 
Oorrespoudence. ' .-ti^k'uilnc utid pracUcal discosBlon of imporlant and 
inleresiiiigiiuc-tiims, iiy practicnl photoprnpherB, and lelleta fnmiail pins 
of the globe, hy inielligeiit uiid observing concHpoodenls. Notes and 
IfewB, Ftaotographio Societies, The (Jhaulauqua fibbool of 
Photosraphy, Queries and Answers, Out Editorial Table, 
Keooraof KhotoaraphiQ Piiteni.n oud CommeroiBi Inteiligenoo 
will be maintained aiiiiiiLL|.!..v. I II ,.|. lilM-.-ri-.UMTEtltTABT.siENls, wlii.'b 
have proved 6u populur ii> imi- ir.ni-i- Ji. n ■i.tmi- 

Owe Tear, - .ii.->.00. \ Si..- Mmiths, - $2.50. 

Otie Moiitl.-.t Tfhil. - r>Oi: 

The III list raU'd Holiday J>i)iihlc JS'ambir, IGr. 

THE PHOTOSEiPEIC TIKS PUB'S iSS[ICIATIO»,Plll)liste, 

423 JirooHif Htreet, New Viirk City, 



The Kodak C amera. 

^^^^^^k This wondcrfii! liltlo iii^truiMem supplict 

■j^^^^^^B the means for ihe pmcticc of thai most [asci 

^^H^^^^^B Dating pastime — Ainateu r Photognipby — in a 

^^K^^^^^^^^^B manner so ^mple tbat all may enjoy it. The 

^V^^n^^^^Bl Kodak may be u^d by anybody «ho can 

\y. K S^^^Wb press a button, this comprising the operation 

^^■^^^^^ of making a picture. One hundred inslanla- 

^^^^^^ DeoDS views are taken without re-loading, and 

^^^^ the camera is always ready for use. After ihc 

PRICE, (asoa enpusutes have been made, the camcia can be 

sent to the factory, where the pictured are developed and Unished, and 

a fresh spool of sensitive film — malerial for another hundred picitircs 

— inserted. If desired, however, the amateur Can finish his own 

pictures. 

The Kqbak is in»aluibl»fcrloutiiti. jrachlmeii, wheelmen, ot for anybody who 
wishes [o obtain An accuole iUusu-ated record of the many iniercstiDg *'Z^t^ '"<l 
iDctdentsofa JDumey, or of every day happenings. Send for a copy of ihe Kodak 
Piimcr, wiib sample phologxapli. 

Good lABtem SUdea c«n be tamOx from KODAK Mcgktlf «. 
The K.onAK is for sate by all Phmo Stock.ij»len. 



EASTMAN'S PERMANENT BROMIDE 

Transparency Plates 

for Lantern Slides, are in me by the principal amateurs throughout the 
country. Being very large mauufacturcrs of emulaicns for positive 
printiTij;, we are enabled to select emulsions for our lantern pLues that 
give the exact tone required. A uniformity is thus secured which can 
be obtained in no other plates. 

PRICES. 

PkrDdi, 



. . 90 70 I 



4 XO 90 I 6 1 8 ... 

4>ii 5H 1 00 a"^i8K.-. 

4!43cei4.. 1 30 B ilO.,.. 

434x6}^ 135 ! 10 xl9,.,. 

*Thin Crystal Gbss. 
For sole by all Photo Stock-dealers. 



...31 66 
. 166 
.. 175 
,. 3 80 
- 3 40 
.. 5 00 



THE EASTMAN DRY PLATE ANB FM CO. 



ROCHESTER, N. Y. 



^> 



J^L 



0BERT5 & JELLOWS, 

non toESWABDL 



PUBLISHERS OF GHOIGE 

FOR[IGN^°iM[RICillPIIOTOGiim 



MANUFACTURERS A 



Plotoirajl TraispareacJES for tlic Optical Lafti. 



_.^M o I N T O S H?v,_ 

STEREOPTICONS, SCIOPTICONS, ■■< MICROSCOPES. 



Views for the Lantern, for Instruction 
and Amusennent, in great variety. 

Slides made to order, for Lecturers, Ex- 
hibitors, Amateurs and others. 

Artistic Lantern Slide Coloring made a 
Specialty. 

1305 Arch Street. PHILADELPHIA. PA. 

Send lor Catalogue. 



T»HE 



BOOK OP THE LANTERN. 



BEING A 



PKACTICAL GDIDE TO THE WORKING OF THE 
OPTICAL (OR MAGIC) LANTERN. 



WITH FULL AND PRECISE DIRECTIONS FOR MAKING AND 

COLORING LANTERN PICTURES. 




ITH SEVENTY-FIVE ILLUSTRATIONS. 



BY 



T. C. HEPWORTH, F.C.8., 

FOR MANY TEARS LECTURB& TO THE ROYAT. POLYTECHNIC INSTITUTION, LONDON ; 
LECTURER ON PHOTOQRAPHY AT THE RIRKBBOK INSTITUTION ; AND 



EDITOR OF "the CAMEKA. 



First American from the Second English Edition. 



1 t 



NEW YORK: 

EDWARD L. WILSON, 

8 53 Broadway. 

1889. 



W*CROFlUf^V>MUBU 



488432 



Entered, aecordiiig to Act of drngres*, in tlie yt>ar'1889, 

By EDWARD L. WILSON, 
In the Office of the Librarian of Congress, at Washington, D. C. 



• « k 



« » 



fc * •- 




CONTENTS. 



Ohaptor PiC« 

L — The GoDitraetion of the LaDtem ■ ' 1 

II. — The Optical System of the Lantern • • • 16 

III. — Oxygen Gap. Making 30 

lY. — Limelight Jets, Regulators, Pressure Boards, &c. . 50 

Y. — The Limelight and its Management . .71 

YI.— Screens . . . . * . . , 86 

YII. — The Preparation of Lantern Slidei, Diagrams, &&, 

without the aid of Photography . . . .97 

VIIL— Lantern Slide Making by the Wrt (Photographic) 

Process 104 

IX. — Lantern Slides on Dry Plates • • • . 109 

X. — Home-made Gelatine Plates . • • • .125 



XI. — On OoloDTiog Photognphio Truupwencies for 

Luitern Slides . . 145 

XII.— The Bume subject oontiaQtd 16i> 

XIIL — Deeeiiption of Tarions Experimetita — Chemical, 
Electrical, &c — for Class loetructioD, which ue 

pouible with the I^intem 171 

XIV.— The LftDteni as an Aid to the Fhotographei . . 204 

XY.- The Art of Making Photo-Microgiiiphs . , 21] 

XVL — Enlarging PhoUigcapbs with the Idntem S2S 

XVIL — The lADtern Microecope and the Opaque Lantwn . S40 

XVIII,— Various Lantern Accessories . . . 2£KI 

XIX.— Practioal Hints to those who Emplo; tiie Lantern 

for Scientiiic Demonstration or for Entertain- 

mentain the Duwin^ Room oi Lechue Hull 264 




PREFACE. 




S it is customary for an autbor to say a few 
words to his readers by way of introduction, 
before they become better acquainted with 
one another, let me briefly state the reason why 
this book is written, and why I felt some confidence 
in undertaking the work. The magic lantern has 
always been one of the most popular instruments 
ever made. So popular has it been, that children by 
the thousand recognise its charms, while many of more 
mature years have a secret hankering after it, which 
they would fain leave unacknowledged : '' For it is but a 
toy,'' think they, "and we have left toyland behind 
us since we reached man's estate/' Let me 
sympathise with these feelings, and own for my part 
a weakness for pantomimes and fireworks, which 
weakness I have occasionally the opporfcunity of 
indulging, on the plea of taking my children out for 
a treat. But let me say at once that the magic lantern 



13 now no toy, but is recogni.'^ed as a valuable aid to 
education far and wide. The reason for this ie not 
far to seek. First, we have to look at the vast 
improvement in the instrnment itself. So long as tho 
greasy, evil-smelling oil lamp was almost the sole 
illuminant available, and roughly executed daubs in 
varnish colours on glass the only works of art (?) 
wbichcouldbe purchased for the lantern, it did not much 
signify that the lenses were also of a faulty character, 
and no better in quality than the " bull's eye" of the 
nocturnal policeman. But when the brilliant limelight 
came to be adupted to the lantern, it was at ooce seen 
that the capabilities of the instrument were not only 
much increased, but almost without limit. It would 
be difficult to say offhand how many persons visited 
the Ruyal Polytechnic Institution in the forty years 
during which it was open to the public; bat it is 
within my own experience that at oue period, at the 
time of the " ghost " illusion, they came at 
the rate of two thousand per diem. There ia no 
doabt whatever that the Polytechnic caused this form 
of amusement to become popular, for the lecturers 
alEliated to the luatitutiou travelled the country 
round, and gave similar entertainments in all parts. 

There are few branches of science in which the 

optical lantern cannot be made useful for purposes of 

demonstration, and as this fact becomes better known, 

every schoolrnom in the kingdom will be provided 

r with one. In every lecture theatre worthy of the 
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name tbo instrament is already constantly called opon 
to illustrate various subjects^ and I yentnre to state 
that its use will be greatly increased now that so 
mucli attention is being paid to the art of photo- 
micrography, by which enlarged pictures of micro- 
scopic objects can be easily rendered available for 
projection by means of the lantern. A large class 
of students can thus at the same moment study the 
structure of an organism which may be in reality 
invisible to unaided sight by reason of its minute 
size. 

But during the past few years, the number of those 
who interest themselves in the lantern and its 
capabilities has been vastly increased by the sudden 
popularity of the art of photography. Amateur 
photographers are now to be found in every town in 
the kingdom, and they are beginning to find out that 
there is no better method of showing their friends the 
pictures which they have taken than by means of the 
optical lantern. The same instrument, too, as it 
offers a means of making permanent enlarged copies 
of small photographs, serves with them a double 
purpose. 

The introduction as illuminants of the hydrocar- 
bons, under the name of petroleum, paraffin, kerosene, 
&c., has also had its share in the recent development 
of the optical lantern, for now a few pounds will 
purchase a better instrument than was procurable at 
any price twenty years ago. 

h 



X FRBFAGE. 

With these facts in view, I have long thought that 
a thorough guide to the working of the optical lantern, 
the preparation of its diagrams and pictures, the 
colouring of the same, the production of photo- 
tnicrographs, and everything pertaining to lantern 
work, would fill a vacant place in technical literature. 
Beyond the two or three shilling handbooks which 
have appeared, there is nothing of the kind procurable; 
and in the space availabld in such books, it is obvious 
that the various matters to which I have referred 
cannot be sufficiently dealt with. 

Some of the matter here printed has already 
appeared in The Amateur Photographer, and in The 
Camera. The author is indebted to the proprietors of 
both those periodicals for their courtesy in allowing 
both text and cuts to be reproduced in this work. 

T. C. HEPWORTH. 

45, St. Augustine's Road, Camden S^uabb, 
London, N.W. 

January f 1889. 




CHAPTER L 



THE CONSTBUCnON OF THE LANTBRIT. 




N that wonderful autobiography of Benvennto 
Cellini, which Horace Walpole described as 
being "more amusing than any novel," we 
find the account of a weird incantation scene which 
took place in the Colosseum at Rome. Cellini tells us 
that he had made the acquaintance of a Sicilian priest 
who volunteered to initiate him into some of the 
secrets of necromancy. A meeting was appointed at the 
Colosseum, where " the priest, having arrayed himself in 
necromancer's robes, began to describe circles on the earth 
with the finest ceremonies that can be imagined. I must 
say that he made us bring precious perfumes and fire, and 
also drugs of fetid odour. When the preliminaries were 
completed, he made the entrance into the circle ; and 
taking us by the hand, introduced us one by one inside it. 
Then he assigned our several functions : to the necromancer, 
his comrade, he gave the pentacle to hold ; the other two 
of Ufa had to look after the fire and the perfumes ; and 
then he began his incantations. This lasted more than an 

B 
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Bst on cwefal pnmal of tbe endK acconnt of Uuae 
snpenistanl Toadns, I feel oottvinccd tfa&t no kind of 
opCkaJ instmnwnt can hftTe bi^ nscd. To ptodnce my 
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of Ab best nMidexn huatera. Be^d«B whicii, Odtrai tras 
' clerer and obeerrant nun, and ironldn 




probably have detected tiie employment of any su< 
fvpparatuB. It is far more probable th»t the priest i 
aided by a number of coufederates. and that these were i 
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reality the legions of devils which so impressed the snpei^ 
stitions mind of the Florentine goldsmith and scnlptor. 
With &r more reason might we suspect the nse of the 
lantern in those manifestations which are said to take 
place among the so-called spiritnalists and their mediums 
of to-day. 

We are certainly on much fii ' m er ground when we 
ascribe the first conception of the instrument to Athanai&ius 
Kircher, the learned Jesuit of the seventeenth century, 
who has left so many volumes to testify to the great gifts 
which he possessed. For in one of these books, Ars Magna 
Lticis et Umhr<By we not only find descriptions and dia- 
grams of numerous optical contrivances (I • may note in 
passing that many of these drawings, redressed and 
elaborated, appear in modem text-books as new ideas), 
but several which show that Kircher quite understood the 
main principle upon which the optical lantern depends. 
A tracing of one of these rude cuts is given at fig. 1, 
from which it will be seen that the design to be projected 
by the lens is illuminated by three candles — the brightest 
form of artificial light then known — and an inverted 
image is thrown upon a screen at a distance. 

Here we have practically the germ of the aphengescope, 
or opaque form of lantern. But modern writers on the 
subject, in referring to Kircher, have curiously overlooked 
this most suggestive drawing, and have given another one 
from his book, which they erroneously describe as the first 
form of magic lantern. This I also reproduce (see fig. 2). 
The description appended to the cut certainly does not 
bear out that view, but points rather to a means of in- 
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crvaem^ the hgbb boat anj lantern hj using & parabolic 
T^eetor behind the lamp or c»ndl« fluna The passage 
(^translated) mns as follows : — 

" To conatnict an ingenions lantern which maj show 
thinjfS written at a great distance so that thej can be 
read — 

" Let a lantern be made of the same cyliiidrical fignre 
C 




as yon see here represented, in whose base let a ooncaTe 
mirror be placed, hitving as parabolic a shape as is poesiUe. 
Witliin the focus of this mirror let F, the flame of a 
candle, be fixed, and j'on will have what is reqnired, for 
it will shine with such unwonted splendour as to show l^ 
night, without any trouble, even the smallest letters when 
ex&mined by the aid of a telescope. Bat persons looking 
at the flame from a distance will think that it is a great 
fire. If the inner sides of the cylinder are fashioned of 
polished tin in the form of an ellipse, they will increase 
the light. Bat the figure here given will snfGcieutly show 
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the inrentioTL E marks the handle and the opening (or 
window) ; C the chimney or fnnnel." 

It is worthy of note that Sir David Brewster, in his 
" Natural Magic," quotes the incantation scene from 
Cellini at length, and states his conviction that the 
appearances were brought about by optical apparatus, 
although he admits that little wa« known of the action of 
mirrors and lenses until the time of Kircher. 

It is obvious, however, that such primitive instruments 
were of the crudest kind, and can only be regarded as 
interesting curiosities. Up to within quite recent times 
lanterns for projection held about the same relation to the 
modem instrument as does the bone needle of the cave 
men to the sewing machine. Like most instrnments of 
precision, the optical lantern is the outcome of many years 
of patient thought and labour, and is the result of the 
working of many minds. No individual can be credited 
with its invention or discovery. The crude idea is, as we 
have seen, to be found in Kircher's book, and one improve- 
ment has been suggested here, and another there, until we 
have before us a very perfect optical appliance. 

The gradual advance in the instrument very naturally 
follows the introduction of improved illuminants for more 
general purposes. The oil lamp was superseded by the 
argand gafi-bumer, and this was in its turn supplanted by 
the whiter and better light afforded by mineral oil, while 
befre this, for the better kind of lanterns, Lieutenant 
Drv.mniond's brilliant limelight was quickly adopted as the 
best for the purpose. This, too, may possibly, in the near 
future, give way to the still more brilliant electric arc 



light. But the introduction of mineral oil, in conjunction 
with the adaptation of photography to lantern pictures, 
have been the main factora in giving the instrument ita 
present popularity. 

The first lantern homing mineral oil, and called the 
Sciopficon, came to ns from America. It was conntructed 
on scientific principles, and was far in advance of anytliiDg 
of the kind before produced. It posBesaed good lenses 
and a powerful lamp, the two broad wicks of which were 
placed edgeways towards the condenser. The lamp was so 
closed in that it formed a combustion chamber, and burnt 
the oil under the best conditions. The lantern, however. 




had its faults. The front glass of the lamp was apt to 
break, and a dark vertical line was always seen upon the 
sheet^a line which was in reality the image of the dark 
space between the two wicks. By adding a central wick, 
and hy making certain alterations in the ventilatvm of the 
lamp chamber, Messrs. Newton conquered both these 
difficulties, and a far more perfect form of kmtern has 
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the result. The a&me makers have, too, made tiie 

ip distiDct and separate from the lantern, bo that, if 

ired, it can readily be removed, and a lime-jet used 

its stead. The form of lamp ruferrod to is ehown in 

both open for trimming and closed afl in use, 

a complete mineral oil lantern, of the kind 

adopted by most makers, is seen at fig, 4, Tho_ 



while 




management of oil lanjema ia so smiple, really resolving 
itself into the necessity for keeping the burning wicks at 
Lcorrcct height, and pntting the slides or plctnrcs on the 
I provided for them, that no more space need be 
[fiTOted to this portion of my subject. 

The great advantage of using a pair of lantems is that 
whilst a picture ia being shown by one, another picture is 
being made ready in the other, and there is no panae or 
blank screen when the change is made. The so-called dis- 
solving views, which are produced by making this change 
wly, made a great sensation when they were first intro- 
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duced, pnfaap beooae few knew exactij bow they verO 
111 Mil, ml Bat Urnf ais now so cDnuDoa ib&i manj 
pczvoaa eonsider HieiB nAer tireaoiae th&n otlierwise. 
Still, titej give &e ofwrabv s ready means of Tarrmg liis 
woric, if the dissolTing spfuratns be used with jnd^ment, 
TliiLS most beantifal effects can be obtained in landscapes, 
more csperialiy in seascapes, by d»i^ photographic 
eknid pictures, the gradaal blending- of one clonded sky 
into uiother giving' fine aerial and very Datnral results. 
In one set of ptctnres which I pr^wjcd to demonstrate 
the beaotiea of doodland, in cotmexicai with a lectnre on 




ballooniog, a snnrise picture was made to melt into a ann- 
Bet picture, and in duo time this latter gave place to a 
moonlight effect. I am convinced that mnch can be done 
in this direction if time can be given to the preparation of 
the pictures. 




OriginslI J £nr sncfa effects two wptns» ItiitTM «ct« 
used side by aide, bat now m UnnmJ haatriL. wiib. <mt 
optical BTBtem above the other, it eupkr^cd wet fir. $>. 
The modem UTangement is tar moce eoajtuitnx trje the 
operator, for the apparatus » compact and emj idjxBim^mS 
is within easy reach of his band. AhnuzB loaMiKrvewd 
generally consiste of > strong wooden bodj. Hned with mcsaL 
with cells for the reception of the ooodes^iic inuea. 
Openings at the back shaped thna ^^ allow toe tbit ^^rrvnrj 
to and &o motion of the lime jcta and (h^r tiaja. 
Between these openings, on the oaiside cf ih« lactcxB 
body, is fixed tJie diaaolTing ker or tapL coonecud by is^^ 
rubber tabes witJi ti>e two jets i^see ^. 6> Tb fnnt of the 
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inatmment are the st^es fortbereceptkia<'jf tlttslidea, and 
the metal [dates to which are affixed the teiaixj^ tnl^s for 
holding the objective lenses. These plat^ are hine^ and 
their inclination npward or downward tti make tbfc two 
discs concentric on the sheet or screen is governed \ij 
milled headed screws. The objectives t^n by this nueans 
be made to slightly ap|R«ach one another, while the om- 
densera remain fixed. It is obvions that it would be better 
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if tlie condensing' lena also moved with the objective bo 
that the optical axis of one should agree witit the 
nther. This could easily be done by making the upper 
lantern move on n contrftl pivot, and clumping it with a 
fixed screw ; bnt the more faulty and elahorate plan has 
been adopted by m'j,nuiaciiirers, and will probably hold its 
own for a long time yet. 

It is certainly too mnch. the fashion to adorn lanterns 
with a maaa of heavy brasa-work. Like any other adorn" 
ment, the brightly- lacqnered hrasa looTts well enough, but 
represents, to my thinking, a waste both of material and 
(if workmanship, which adda greatly to the cost of an 
instrument, without adding ope jot to its efflfiency. In- 
deed, tliis brasa-work is a piisitivo disadvantage when a 
Lintem hiis to be carried from place tn [ilace by a busy 
lecfcnrer, and couatitntes, not only an inconvenience, but a 
tax, in the shape of " eiceaa ' luggivge." This superfluona 
metal must, I sutiposc, be looked up<m as a oustom. of the 
trade, which it is very difficult to break down. It ia the 
same case with the microsco]*, the delicate brasa-work of 
which (iften costs more than the lenses, expensive thongh 
the latter are. In each case the metal-work represents a 
couTenionce in operating the instrument, bnt mnch of it 
conld be dispensed with, without in any way detracting 
from, its performance. We may, I think, gain a lesson 
in the construction of an ideal lantern by examining 
a modern photographic camera for tourists' use, where the 
greatest rigidity is combined with extreme lightneas, and 
metal is used but sparingly. Looking at such an 
inatrumcnt, we find that it must be eitunded for f)cuB- 
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sing purposes, and that its chief ez{«nding pArt is made 
of folded leather (concertina bellows fashion). N«»w, why 
should not the same arrangement be ado|'ted for tlie 
optical lantern ? We here require a similar extension c»f 
the front 'of the instrument, in order to suit the f<»ci of 
the different lenses employed, and according to the dis- 
tance and size of the picture which we wish to project «»n 
the screen before us. Surely some arrangement of the 
kind could be adapted to the lantern. If such a change 
of construction were brought about, and with analog* -us 
alterations in other parts, ihe weight of a double or triple 
lantern would certainly be reduced to about one-third (jf 
of what it is at present. It may, perhaps, take some time 
for opticians to appreciate this view of the ease, and there 
may be good trade reasons for not making a change <»f 
such a radical nature. I am not behind the scenes, and 
so cannot tell. It might certainly be urged with si-nie 
truth that there is no need to be in a hurry to alter t!ie 
present type of lantern, seeing that lightness of construc- 
tion may soon be brought about by the substitution of 
aluminium for brass. The production of the former 
metal is daily becoming cheaper, and as its weight, bulk 
for bulk, is about one-third that of brass, and as it is 
strong, not easily tarnished, and in other respects is suit- 
able for the purpose of lantern construction, we may look 
forward to its adoption in this service. 

Where a lantern is used for educational purposes it 
requires certain additions which are quite unnecessary in 
exhibition instruments. On the other hand, seveml 
ornamental adjuncts which are desirable in the latter 
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form of lantern may be dispenBed with in the inatrument 
deaigned for the lecture or Bchool room. Indeed, in an- 
other chapter I point out how a very simple arrangement 




of lamp and lenses can be made werviceaoiC for edncationai 
work. One of the most important additions to an instru- 
ment used for teaching is what is known aa the 
Tcrtical attachment. The object of this arrangement 
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is to show certam preparations and other objects which 
roust be kept in a horizontal position during exhibition. 
*' Horizontal Attachment " would, therefore, perhaps bo a 
more sensible name for the apparatus — ^the construction of 
which can be easilj understood bj reference to the annexed 
cut (fig. 7). The round opening in front, four inches in 
diameter, is the place where the apparatus fits on to the 
lantern, the lenses, <&o., of the latter having been removed 
for its accommodation. So that the light from the lantern is 
received by the sloping mirror, and is reflected upwards 
through a condensing lens, which is placed horizontally. 
This lens forms a table or stage upon which different slides 
or preparations can be laid for exhibition. The image is 
formed by the lens above, and by the prism above that is 
redirected and cast upon the sheet or screen. It is obvious 
that some loss of light must result from filtering the rays 
through so many media, but this cannot be helped. In 
the chapter dealing with experiments possible with the 
lantern the use of this vertical attachment will be further 
alluded to, when its value will be better appreciated. 

Double lanterns to bum oil are usually placed side by 
side, but fig. 8 shows a convenient form of lantern which 
has been recently introduced, and which is so constructed 
that one lantern can be detached from its fellow. Thus, 
when the lime-light is used they are adjusted one above 
the other, and when the oil lamp is employed they are 
placed side by side. Mr. Tyler has still more simplified 
the matter by inventiDg a biunial lantern which bums 
oil, although the position of the two lamps is one above the 
other. This he achieves by the use of a bent chimney, 
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which proceeds from the lower lantern and carries away 
the hot air, so that it cannot influence tlie lamp above. 




tie. 8. 
In the triple lantern (fig. 9) we have three optical 

systems, and of conrae three time-lighta. Thia is the 
eshihition instrnment par excellence, and is commonly 
tiaed by those exhibitors who may be described rather as 
entertainers than lecturers. The third lantern is in reality 
not often uBed. It is kept in reserve for producing occa- 
sional effects while tbe other two lanterns arc at work. 

In some respects the optical lantern resembles the king of 
musical instruments, for the effects which can be produced 
by it are dependent upon and limited by the number of its 
parts. If an organ baa but one row of keys, the instrument 
can do little beyond furnishing an accompaniment. With 



1BX BOOK or THE LLTKkK. 



s ita capabilities >re mnA wcrmnit, far 1>> ^ 
can use them altematdj ia coMlnat widi aw HMt 
can combine tbem. Willi thne cbrien, Ui famt 
once store amplified, and he i 
of mnsical colour for wliicfa oat 1 
descriptive word. So it is viib lb« katcrs. If ■ 
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8|HE three great easentialB of a goml optical lantern 
are the light, the condenser, and the objective, the 
two littter forming the optical Hystem of the instm- 
ment. Theoretically, the light to give the btst results should 
be a mere point of radiance, but unfortunately this ia 
at present almost nnattainable. I say almost, because I 
believe it to be quite within the bounds of possibility to con- 
struct an electric arc light which shall fulfil all the conditions 
as to steadiness, uuiformity of action, and maintenance of 
a fixed position, which are required in lantern work. Such 
a light has not yet been found, but when electricity 
becomes more general as a source of illumination in our 
cities and towns, — as it surely will,— an arc li^^ht or 
r^ulator of the required description will, I feel confident, 
soon be forthcoming. The invention of such a con 
trivance, when the menus of obtaining the i-equLsite 
current to feed it is so limited, would at present have the 
disadvantage of coming before its time. The electric 
arc light has been used more than oni'c experimentally 
in the lantern, with the most promising I'esulta. 
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The best sonrce of il lamination for the lantern 
is, — when we exclude electricity for the reasons just 
indicated, — the lime-hght. It has the good qualities 
of intense whiteness, steadiness, ease of management^ 
portability, and although not a point, its area of radiance 
is not much greater than the space covered bj a pea. I 
shall describe in detail the method of its production and 
management later on. 

Having then a convenient form of intense light, we hare 
next to consider the means of using it to the best ad- 
vantage. We must staH with the acknowledgment that 
in enlarging the image of a picture we must sacrifice a 
large amount of light. But by using properly -constructed 
lenses, we can make this loss as little as possible. Aa 
already pointed out, the optical system of a lantern 
consists of two distinct parts, — the oondenser and the 
objective lenses. 

As many of my readers may be quite unacquainted ^ith 




Fig. 10. 
the matter under consideration, I will point out why this 
double system is necessary, and describe the work per- 
formed by each set of lenses. In the annexed diagram, 
fig. 10, L represents the lime cylinder, with rays of light 
emanating from it and illuminating the picture P, which 

■ c 
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■we require to show in an enlarged form. O is the objective 
lena by which this enlargement is to be brought about ; 
the sheet or Bcreen upon wiiiuh the pictnre is projected 
being siipposid tu be far away to the right. With such an 
arrangement of parts what should we see on that screen Y 
In the first pWe we should have but a very fetble light, 
for as will be seen by reference to the diagram, most of 
the luminous rays are wasted altogether, only the cen- 
tral ones proceeding through the lens 0. It wUl be 
seen also that tliese raya go through the central portion 
of the picture only, and that tliercfore only this part 
can be projected on to the distant acreen. So tliat as a 
result of our firat efEorte at lantern projection, we get an 
indistinct and badlj-ligbted portion of a pictnre presented 
to us, How can we remedy this state of things ? Ob- 
viously, the thing tu be done is to cause more of the rays 
from our light source to be utilised, and inia can be brought 
about by placing between that light and the picture a lena 
which shall cuiidnise the light upon that picture, and which 
is therefore known as the condenser. 

Ill %. 11 we see a repetition of the diagram, fig. 10, with 




the addition of a condenser, shown in this case, (or the 
aake of simplicity, as a single lena. iteferring once more 
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to tliis imaginary picture npon our screen, we now see that 
it is complete. It is no longer the central fragment of n 
design, but covers the sheet, and is equally illuminated. 
We can at once see the reason for this welcome change by 
looking once more at our revised diagram, Gig, 11. The 
rays of light instead of being wasted in illuminating the 
inside of the lantern box, are refracted by the lens which 
we have introduced, and are bent towards the objective. 

In my diagrams, for the sake of simplicity, I have 
represented each lens as consisting of a single piece of 
glass of plano-convex form. Such lenses are found in toy 
lanterns of the cheapest kind, but are, as might be ex- 
pected, extremely faulty in performance. In the enlarged 
picture, they give, owing to their total want of correction, 
badly-defined margins, curved lines, and fringes of colour. 

Having now seen the purpose fulfilled by the condensii g 
lens of the optical lantern, let us further consider its best 
form, and let me at once correct an error into which a 
purchaser is likely to fall. I have sometimes heard the 
possessor of a lantern speak somewhat boastingly of his 
instrument as one with 5, or perhaps 6-inch condensers, 
the more ordinary size being 4 inches, and often only 
3 J inches. For lantern projection, any size over 4 inches 
is a positive disadvantage, and instead of representing a 
gain, means really a great loss of light. The reason for 
this is readily seen. What may be called the standard size 
for a lantern picture is 3 inches in diameter (the entire 
slide with its margin measuring 3J inches). If the picture 
be framed in a circular 3-inch mount, a 3J-inch condenser 
will amply illuminate it. If, however, the orifice of the 

02 
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mount bo square or cnsbion-shaped, such a small condenser 
would infallibly cut off the uomera of the projected image, 
and for anch pictures, therefore, a 4-incli condenser is 
necesaiwy. Bnt the snoftiler condenser transmits more 
light, for the reason that being of shorter focns, the lime 
cylinder is brought nearer to it. Some well-known 
exhibitors, seeing the great importance" of getting all the 
light upon the screen that they possibly can, use nothing 
but 3|inch condorsors, but this obliges them to confine 
themselves to round pictures. On the whole, I prefer 
myself the 4-inch condenser, for although I lose some 
light, I can make use of any shaped pictares or diagrams 
which may be required. (If the lantern be used for 
phologmphie enlarging purposes, then a large-sized con- 
denser is the great thing needful, at least, we must have 
one of a size large enough to cover the negative which 
has to be enlarged ; a qiiarter-phi,te size necesaitiLting a 
5-inch condenser and so on. But in that c.iae brilliancy 
of ininge is quite a secondary matter, and is compensated 
for by extension of time occupied in the operation.) It 
most also be borne in m.Lnd tliat, quite apart from the 
questiou of focal length of the condi'iising lens, there is a 
l imi t to the near approach of the incandescent lime 
cylinder towards it, for the intense light is naturally ao- 
oompanied by a fervent heat, which will surely crack 
a lena if it be too near to it. In the chapter on the 
working of the lime-light, precautions against this accident 
are fnlly dealt with. 

There are two forms of condensers, either of which 
may be commonly found in commercial lanterns. One 
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cxmsists of a pair of plano-convex glasses mounted in one 
cell, with their cnrved sur^ices all but touching one another. 
This form was, I believe, first introduced with the 
American sciopticon. It is shown at fig. 12. The other 
form of condenser is that devised (but not for lantern use) 
by Sir John Herschell, and which consists of a double 





Fig. 12. 



Fig. 18. 



convex lens, associated with a meniscus, the concave side 
of the latter being next the radiant point, as shown in 
fig. 13. In a good condenser we want not only quantity 
of light, but also good quality, and these properties can 
only be secured by careful attention to certain points of 
construction. Quantity of light is governed by size and 
focal length, as already pointed out, and it may be as well 
to indicate here the manner in which lanterns furnished 
with condensers of larger size than I have recommended 
may be made to transmit a greater amount of light by the 
interi osition of another lens. There were at the old Poly- 
technic Institution some antique lanterns with 10-in. con- 
densers, this large size being necessary to cover the 8-in. 
hand-painted transparencies which were in use before 
photography worked a revolution in such things. Such a 
large condenser, ol course, meant a great loss of light, as 
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already pointed out. So the euggestian was made that a 
small lens should be interposed between the light and the 
condenser. This was done with a wonderful gam in the 
performance of the old lanterns. Fig. 14 will show bow 




Hie additional lens brought this improvement alxtnt. Many 
other forms of condetihing lenses ha vo from time to time 
been suggested and experimented with, some of those em- 
ploying three or more combinations. Bat these various 
patterns, although one or two of thorn seem very promising 
in form, have not been taken in hand by makers generally, 
— possibly on the score of expense, and probfibly owing as 
much to that hesitation and laziness common to human 
nature, which keeps us all to a well-beaten track. 

But a few years ago the question of lantern lenses was 
revived by a paper read by the late Mr. J. H, Dallmeyor 
before the Photographic Society of Great Britain. The 
reader of this excellent contribution to the subject, explained 
in the first instance that a well-known worker with the 
lantern hiid called his attention to the L'reat want of more 
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perfect lenses for use iritb the inBtntment 
thereupon determined to tackle the subjecrt, and prod need 
new forms of condensers and objectiTes, * desrripdoa cf 
which he placed before the Photogra[rfiic SoAetr. 1 au- 
not do better than quote the description of the new ooii' 
denser from this paper, and at the same time repHMlnoe 
one of the drawings shown in illnstiBtian of the retaatka 
made (see Gg. 15) .■— 




The condenser is of 4-in. cSectire diameter, and 3|- 
in. equivalent focal length. Assuming the light to be at 
a ao/e distance of 2^ in. from the flat surface of the first 
lens, this condenser collects an angular pencil of ahont 
66°, i.e., about 20 per cent, more light than the shortest 
focus symmetrical. It consists of two nm^mmetrical 
lenses, A and B. A is a ptano-conrex of flint 3|-in. 
diameter, and B is a doable convex of crown glass of 4-in. 
diameter. The lenses are moanted at a certain distance 
apart, with their deep sides facing each other. Approxi- 
mate correction of chromatic aberration for centrical pencik 
is obtained by a proper apportioning of their focal len^ks. 
and the distance at which they are placed. Thus : ray 
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li R, after rofriiction by lena A, diverges into a prismatic 
beam ; this falls upon different parfca of lens B, which, 
while acting upon the two extremes, — the red and the 
violet, — in contrary directiona to A, causes them to emerge 
pirallel, the condition of achromatism., when they converge 
to the conjugate focus y, obont 9 in. removed from B. The 
spherical aberration ia reduced to a minimum by tho forma 
of the lenses employed, i.e., ray hr, refracted by the central 
portions of the lenses, meets the axis at the same point /) 
as the marginal rays, or nearly bo. I have decided upon a 
4-in. (efiective) diameter condenser, since it fully illumi- 
nates the corners of a 2J-in. square slide. Of course, a 
circular slide of 3 in. only requires a 3J-in. diameter con- 
denser, of pro()ortionately shorter focal length. I need 
hardly say that the glass comixwing this condenser baa 
been selected with esp?cia! care. It is perfectly limpid, or 
colourless, and wiU remain so ; it is free from sCriis and air 
bubbles, and has a perfect polish. In fact, it ia Chiuice'B 
best glass ; tho only drawback being its cost." 

Mr. DaUmejer goes on to remark that the defects in the 
ghiss of a lantern condenser, are of far more importance than 
similar defects in the objective, so far as purity and quality 
of the illuminated disc are concerned. He refers to such 
defects as scratches, air-bubbles, and the like. In the case 
of an fLir-babble in the objective lens, it is really of no 
moment whatever. I have known of a photographic lena, 
otherwise of splendid quality, being rejected because of 
a tiny air-bubble near its margin, the pnrchaser being quite 
content to exchange it for a far inferior lena without such 
an insignificant blemish. Sach a bubble would have no 
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e&ci whaterer upon Hie f ul fi l i — i mr cf ^die Vshl viuxbes- 
used with a cunenL or as a Imsem olneOTi^ nzjmuEiiir is 
io be suitaUe to bateni wcsk in oditE' Jt g i* e ife Ifan 
transfer the bobble fromtiie objectaT-frictiiie ocmQfJTHier. axic 
it at onoe oonstitiites a real er^esoire. viodi viE bt terrmrr 
magnified an the acreen. For ihJE reamm Imsex pv-xesi 
should take the gicitcfi caiv to ja r t-taii liieir punoftimegt 
becoming serafcdied, for a mask hasdlr rsibk on iait |9a» 
will become fitaDj appanfiii on the acnxm. 

It will be seen, from whait ha^ sane hedoRL iimi tbe dnsr 
of ihe oondensmg lens is U> thke iq» aofed jnSJmt a^ hept a 
bundle of light rajs as is pEacbeaUe. aaod wism xbcuitr zariE tD 
brightlj illaminate the whole cif the jnctaiTEr or slide vatKx^ 
against it. The odier part of the opdcaJ vrsiiiax. s£ -she 
lantern is the objecdre kaiifi. wkidh x desuned vu 
form a magnified image of that pM^tore or slidt. Tv tiik 
important peu^ ol the appajvtnft I Tosgi now vam. vuft 
reader's attentiora. 

As the duty of the ooudfnser 2£ to give vsik ^T%a4^e^ll 
amount of ilhunination to tibte lauKm pi'^t-urfr or slide. ifO 
the proTinoe of the objeedre leiifc » to IcerL afc ysrit;^^ ut 
possible a magnified image cff ihax pi<^iir»: upco. ii**: b»sr*^tfi, 
or sheet placed for its rtsoepticm. Tor ktuwrnfc art f rt^ 
quentlj fitted with a do^b e ocflQrei- liie wyrfet f'jriL «f t^,, 
or with a fdain oonrex kao*. wLicli i£ Ijccle Wtur. Witt 
regard to lanterns of more prt^u-uaoiL. we £iid tiuitt difi*^r^ut 
tnakers adopt different fonnfc ajad oo3LulaLu«tj'^iifc f<jr tij^ir 
objectives. Some use a ©rmpkr of plajuo-ocrtiveic 5ic^iir<^iiii tk 
lenses, in conjunction with a Klop or ^li^yvni^sii, ti*«; !ki 
sides of the lenses being itext xUt ii^ ; i^ y^ 



ttt 



TBK BOOK C 



good form indeed, provided that the lenses are of sufiiciont 
diameter to take in the entire cone of mjs froia the con- 
denser. This has always been a stunibling-bloclc in 
adjusting lenses of short focus to the lantern, for it stands 
to reiison thiit the shorter the focna the nearer ninst the 
lena be to the condenser, and if the diameter of the 
lens be small a lai^e proportion of the rays will not get 
tlirongh at all. 

And this question of focns of the objective is one that 
must be carefully considered by all who use a lantern, J 
Many are of the opinion that the focal length of the objeO' I 
tive used should be so short that the distance of tbA j 
lantern from the screen should be about the sume as the 
diameter of that screen. In private rooms of small size 
this may be necessary, if not adyantageOTis, but in lai^er 
rooms or lecture-halls a lens which will triple or quadruplej 
that distance is desirable. Much experience of lectnr&fl 
hall work has led me to the conclusion that alens of 8-inch ■ 
Eocns is more useful as a lant«m objective than any other, 
and it ia ae well to have one of 10 inches in reserve in 
aase the length of the hall should require it. Let me give 
my reasons for this choice. I find that the size of sheet 
most commonly required in rooms used for lecture pur- 
poses is 15 feet. Some rooms will take an 18-foot sheet, and 
very few take a larger one than that. But the 15-foot screen 
is the one most in ruquesC Now let ns suppose the operator 
has fitted to his lantern an objective of say 4J-inch focus. 
To cover his 15-foot screen he must plant his lantern less 
than 20 feet from it, a distance which will land him in 
the middle of the front seate. Hi» apparatus will 
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in such a case terribly impede the view of all those 
behind the lantern, besides causing much disarrange- 
ment of chairs. But let him nse an 8-inch objective, 
and his lantern can he carried to a distance of 
35 feet from the screen. This will probably place the 
lantern qnite at the back of the hall. Another point in 
favour of the latter position is, that if his two lenses are of 
the same diameter, as most probably they will be, the long, 
focus lens will admit more light, as already explain el ; 
while it will certainly give better definition and less dis- 
tortion than the shorter focus lens. One more circum- 
stance in favour of the longer focus lens is, that the lantern 
is kept more horizontaL When the instrument is close to 
the screen, unless the floor of the auditorium be inclined, 
as in a proper lecture-theatre, the lantern must be very 
much tipped up at its fore-end, so that the disc on the sheet 
shall be high enough. This raising of the lantern, of 
course, leads to distortion, unless the screen be inclined 
towards the lens so as to compromise the matter. With a 
long-focus lens the distortion from this cause is greatly 
reduced, and very often it is so slight that there is no need 
to incline the sheet. I hold the opinion that a good single 
achromatic lens of long focus is by no means to be despised 
for lantern work, although a half -plate lens of the portrait 
type is to be preferred. Such a lens can only be used for 
the long-distance work. If it is absolutely necessary that 
the lantern be as near the sheet as possible, then it is com- 
monly the fashion to use a French quarter-plate photographic 
lens, — I presume on account of its cheapness. For it is 
most difl&cult to select a lens of this description which will 
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give a flat field, and the urdinary dinmcter of the back Icna 
of such a comhinatioQ will not admit the whole of the 
raya from, the coudenacr : hence we a*e robbed of light, 
and very often of the corners of sqaare piiiturea into the 

Of late years makers have seen these disadvantages, and 
have produced lantern objectives ■which, while they are 
similar in constrnction to portrait objectives, are made with 
much larger apertures at the back. Taking Mr. Dallmeyer'e 
lantern objective as the prototype of these, we find that it 
consists, lite the portrait lens, of two combinations. The 
back one, nest the light, is a con veso- con cave of flint, and 
another of crown glass, separated by a short interval, the 
two glasses being dissimilar in their cnrvatnre. The 
Bsternal form of this combination ia a meniscus, its convei 
snrface being nest tlio condenser. The front combination, 
of smaller diameter, ako has the external meniscus form, 
bat conaLstJ^, like its fellow, of two glasses. 

It must lie noted that objectives made for lantern work 
are not suitable for photography, for the visual aod chemical 
rays are not coincident. I mention this for the sake of 
those who wish to use the lantern as an aid to their photo- 
grapliic pursuits, in enlarging and so on. It may, therefore, 
be in some cases desirable for the purchaser to obtain a 
. half-plate portrait lens for bis lantern. It will do escelleiib 
work, with the limitation already referred to, while at the 
same time it can be used either for portraiture or for 
enlarging. For both theseiises it is well adapted. 

The rule for calculating the distance of the lantern from 
en in order to obtjiiu an image of a given size will 
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be found on page 95, bat in |»*ct*e« I fisd it « lu&ivhJk--:: 
thing to nae & tape nteasnre. Upcn llie n^.-uv smk .f 
this measure I hare cerikin fi?iire» to tM «£cct tiiM sa~i 
and snch a lens requires a disUntv of $■-_' eozlt fact K E^ft 
a 15 or 18 foot disc. Tbe plafe lA tbc -but urinz V^- 
decided upon, it is then cser enough v> pkj ris nn 
required unonnt <A tape, and to fix iW poBik* <tf a* 
Eantem. 





■UK firat requisite for the lime-light ia flu adequate 
quantity of oxygen gas, aod this chapter will, 
therefore, bo depotod to the details of its n 
tacture, or rather its separation from those substances with 
which, in nature, it is aaeociated. For, although the most 
abundant of all the elements, oxygen does not occur in 
the uncombined state, and, therefore, the chemist has to 
be at the pains of sepanLting it from its varions yoke- 
fellows. There are sevenil methods of obtaining this gas ; 
the greater number of which, being only of experimental 
interest, may be poased over. 

The gas was originally discovered by Priestley in 1774, 
and at about the same time, independently, by the Swedish 
chemist, Scheele. Priestley obtn.ined it by heating mer- 
curic oxide in a flask, whieh substance, under auch treat- 
ment, breaks up into mercury vii.pour and oxygen gas. 
Such a method is clearly out of the question, when several 
feet of gas are required for the limelight. 

Another method, which is applicable when large quan- 
tities of oxygen are wanted, and which has long been 
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adopted on a Gommercial scale, depends upon the action of 
cobalt on bleaching powder (Calcic hypochlorite). The 
lime mnst be in the form of a concentrated solution , and 
this is best bronght abont by mixing, say, one pound of 
bleaching powder, which is commonly called chloride of 
lime, with a quart of water. Stir this mixture and allow 
it to remain for an hour. Now decant the clear liquid, 
and pour it upon a- fresh pound of lime — stir as before, 
and strain the product through a calico or flannel bag. 
Place the liquid in a large bottle, to the cork of which 
a tube id fitted. Now drop into the liquid, taking the 
cork out for the time being, a small quantity (say 2 ounces) 
of a strong solution of cobaltic peroxide, when oxygen gas 
will be quickly evolved, and will come ofE through the 
replaced tube. The evolution of gas is increased by 
warmth. The same cobalt can be used again and again, as 
it does not undergo any permanent change. It seems to 
act merely as a conveyer of oxygen, taking it from the 
lime, passing it to a higher state of oxidation, and then 
giving it up again ; any solution of cobalt will answer the 
purpose. When the gas ceases to come, the residue in the 
bottle should be diluted with water, and, after having been 
allowed to rest for some time, the cobalt will settle at the 
bottom of the vessel. This can then be washed, kept in a 
moist state, and used over again as often as required. 

But the more general method of preparing the gas is by 
means of the decomposition of potassic chlorate, and 
that method I shall now, therefore, describe in detail. 

The lime-light has, in certain quarters, earned the cha- 
racter of being dangerous, not so much from accidents 
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which have occnrred during its use, but more from certain 
catastrophes which have taken place during the preli- 
minary operation of making oxygen gas. There should be 
no danger whatever about this operation if only ordinary 
precautions are taken. But some people seem to be unable 
to do things except in a haphazard manner, and they 
sooner or later pay the penalty for their carelessness. 

The most important point to begin with is to have 
proper apparatus ; and by this I do not mean the most ex- 
pensive, for this is just as often as not &.ulty in point of 




Fig. 16. 



construction. The articles required are : A retort in 
which to generate the gas ; a stove for heating that retort 
(preferably a gas ring-burner) ; a wash bottle, or purifier ; 
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several feet of good mbber tubing ; and a bag to hold the 
gas when made. The retort which I prefer is Oakley's 
pattern, and is made of wronght iron, brazed and rivetted 
together, and of the form shown in the accompanying 
sketch, fig. 16. It will be noticed that it is of conical form, 
and that its lower part, where it rests on the stove, is con- 
vex in shape. It terminates at the month with a brass 
screw, and in this screw fits a branch, or pipe, which con- 
veys the gas away as fast as it is generated. An important 
poiftt in this branch is the arched bend, immediately over 
the retort, which obviates undue fiiction, and also prevents 
any solid particles given off from the retort clogging or 
stopping up the tube. With that provision one element 
of danger is avoided. Another point of importance is the 
little upright tube, or nozzle, immediately above that same 
bend. This is merely a short piece of tubing fixed on to 
the branch, and in which a cork can be fitted. This acts 
as a simple safety-valve. Should the pressure of gas 
become too great, the cork will fly out and no damage can 
possibly occur, except the loss of a very small quantity 
of gas. 

There are various other forms of retort which are used 
and recommended by different operators. A cast-iron one 
is, of course, more lasting ; but in case of aocidental ex]»Io- 
sion, its particles would be as deadly as those of a bomb- 
shell. But such an explosion should never occur, if 
ordinary care be taken. With some persons, familiarity 
with the most dangerous agents so rapidly breeds con- 
tempt, that they get careless in a very short time. We 
may suppose that this happened in the case of an optician, 



who some years nfro visa killed bj such an esploaion of oa 
oxygen retort. 

Many old-faatiioneii operatora use an iron mercury 
bottle aa a retort, and this, I believe, was the inpiirisble 
custom when oxygen whb procured from mang-jneae per- 
oxide alone. The heat required was so great that a tbiclt 
and lasting receptacle was necessiiry. But now-a-dajs, 
when chlorate ia used bo UTiiverB&Uy, the gas comea off at a 
much-reduced temperature, and a thin retort will last, with 
care, for about fifty charges. My lantern nssistant prf fei's 
to use a kitchen digester, which he has had &ited with 
a pipe and safety cap, and which he regards as a triumph 
of art, which will not only Inat his own life-time, but will 
be hiindcd down to his descendaota as an heir-loom. One 
more word on the subject of retorts. Do not buy a copper 
one ; it is very expensive, and quickly wears out, and hna 
no advant.'Jges whatever. In case a retort should be 
wanted in a hurry, and cannot be obtiiined, a common 
oast iron kettle is a cnpitil substitute for one. Put the 
chlorate mistnre in the kettle, and fasten on the lid with 
a luting of white lead or clay ; cut a piece of firewood 
to the correct size, to fit tightly between the lid and 
the inside of the handle of the kettle, bo that no pressure 
will force it open. TTs^ the spont aa a delivery tube of tiie 
gaa. 

The rotort ia charged with amixturB of chlorate of potash 
and oxide of manganese, and the most usual proportions 
are four parts by weight of the potash to one part of the 
manganese. 

This is the mixture as given in the variotia chemical texi>- 
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books ; but, as a matter of fact, the exact proportion is not 
of very great consequence. Indeed, it would seem that if 
the crystals of potash have mixed with them just suflicient 
of the black manganese to dirty them well, the mixture 
will be effective. 

Oxygen gas can be generated from the chlorate alone, 
but the action is so uncertain that the salt is always mixed 
with manganese, oxide of iron, or sand. What action the 
manganese has upon the mixture is not known, for it is 
a curious fact that, after the operation is over, it remains 
unchanged, so that it is possible, if one cared to take the 
trouble, to preserve it and use it over and over again. 
Where manganese is difficult to obtain, this method may 
be adopted, but in most towns it can be procured at such 
a cheap rate that such a course would simply represent a 
waste of time and trouble. 

The greatest care should be exercised in procuring both 
components of the oxygen mixture in an unadulterated 
state. The ordinary commercial chlorate is quite good 
enough for the purpose, and although it has the disadvan- 
tage of being contaminated with a certain amount of free 
chlorine which is given off in gas-making, it would be 
a useless expense to employ the pure salt, as used for 
medicinal purposes. Moreover, the chlorine can be got rid 
of, as we shall presently see, by simple means. But in 
most samples of commercial chlorate there are to be found 
certain foreign bodies, such as bits of straw, bits of wood 
(from the casks in which the chlorate is originally sold), 
and other specimens of matter in the wrong place, which 
would be prejudicial to the operation of gas-making, and, 

d2 
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indeed, dangerous ; for cwbonaceons muteriiJ, when mixed 
with the chlorate, constitutes a very powerful exploeiye. 
(Ab an instiince of this, I may mentioa that in the greati/st 
explosion of modern times, when thonsands of tons of 
explosive material were fired for the purpose of doatroying 
the " Hell-Glate Bock " at the entrance of New York 
Harhonr, a lai^e proportion of the chemicals employed 
conaiated of chlorate of potash combined with coal-dust.) 
Before niixing the ingredients together, therefore, the 
crystals of potash should be carefully pieked over by hand, 
and any uncoiiaidored trifles which have no business to be 
present should be carefully extracted from it. A little care 
is also necessary with regard to the m»nganese. Accidents 
have happened from lampblack, bone-duet, and other similar 
couipimnds, having been substituted (let na hope by acci- 
dent) for the manganese that was intended to be used. In 
buying fresh samples, therefore, of manganese, it should 
be carefully tested, and the beat way of doing this is to m.ix 
up a small quantity of the pot.ish and the manganese in 
the proportions above given, and to put them in a test 
tube, which should bo held over the flame of a spirit lamp. 
If the mixture simply sparkles while oxygen giis is given 
oft iit the mouth of the tube (as may be tested by the spark 
on a blown-out match), the mixture is safe ; but if any- 
thing in the least resembling aji explosion should take place, 
the manganese is wrong, and must be rejected. But the 
operator is not liable to fall into the error of mistaking 
lampblack or bone-dust for manganese, because they are, 
bulk for bulk, so very much lighter than that heavy 
earth. 
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The mixture having been made, enough of it mast be 
placed in the retort to give the amount of gas which we 
require. It will be found that if we allow one pound of 
chlorate to everj 4 feet of gas, it will be about right. 
Boughly speaking, a bag of 8 feet capacity, — a very useful 
size, — will take 2^ lb. of the mixture, and it is better to 
waste a little chlorate than to have a bag which is not 
quite fulL Having charged the retort with the mixture, 
we can screw on the delivery branch, taking care to insert 
a washer of leather or asbestos cloth, to prevent any escape 
of gas between branch and retort. 

In using a new retort, it is always well to blow 
into it while the branch is fixed in position, so as to be 
quite sure that there is no leak in the joints which has 
escaped the maker's attention. Should a 
leak be discovered, a little white lead will 
remedy it for the time being. The retort 
may now be placed on the gas-stove, while 
its branch rests upon a chair or other 
support. A tube at least 4 feet long, and 
of a diameter agreeing with that of the 
branch of the retort, should be drawn 
over that branch for about 2 inches. The 
other end of this tube is to be connected- 
with the wash-bottle. 

The kind of wash bottle which I 
use, and which I can recommend very 
highly, is also made by Oakley & Co. 
of Bermondsey (fig. 17). It is of half a gallon 
capacity, and is in reality a glass " Winchester quart " 




Fig. 17. 
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bottle with a wide neck, such us cau be obtained anywhere. 
Upon this iieoli fits ii disc of lead, pei-foritted with two holes, 
e soldered as fixtui'es twu pewter tubes which 
bend away from one another at their t<j[)s. 

One tube, A, rciclics nearly to the bottom ot the brrttle, 
id it will be seen that fur sevei-ul inches along its lower 
part it is perfonited with holes. It is this tube which is 
connected by a rubber pipe to the retort. The dotted 
line shows the height to which the bottle must be filled 
with water. The short tube, B, is the delivery tube of 
the bottle, and ia connected with the gas bag. As a gae- 
tight connexion between the pewter disc and the bottle^. 




there is a thick rubber collar, which is tied on the_ bottle 
by means of a piece of strong twine. The larger sectional 
diagram of the bottle neck (see fig. 18) will assist the 
reader in noting the arrangements described. In order to 
prevent any chance of water being thrown up into the gas 
bag, it is as well to place the bag on a table. Let us sup- 
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pose that this h&s been done, and that everything is read^ 
for making the gas. 

The stove should be lighted and turned down almost to 
its lowest point, for it is as well to begin with a small 
amount of heat, although I believe that it is the practice 
of some workers to begin with a full heat, and to turn the 
supply down when gas commences to come off. The tube 
is joined to the retort and to the wash bottle ; but tlie 
tube joined to the delivery end of the bottle is for tlie 
present left free at its other end. After an interval of 
about five or six minutes, the water in the wash bottle 
should show by its bubbling that the gas is being generated, 
but those bubbles are not as yet pure gas, but are partly 
air which has been contained in the retort, and which is 
expanded and driven out by the heat. We must wait 
some time longer, until these bubbles are given o£E 
with regularity, before attempting to fasten the apcn 
tube to the gas bag ; and before doing so it is as yi^U 
to apply the test of the blown-out match to the free end of 
the rubber tube. K the spark on the match bursts into 
fiame directly it is applied to the tube, we may be sure that 
gas is coming off in earnest, and we can by a dexterous 
movement fasten the tube on the tap of the gas bag, at the 
same time turning on that tap. 

Everything should now go on with regularity and with- 
out attention, until the bag is nearly half full. During 
this time it may be noticed that the tube leading from the 
retort will emit a kind of bubbling noise. This is due to 
water lodging there which comes from the crystals of 
potash in the retorts 3y simply lifting this tube up, and 
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I by giving it a. gentle pinch — for half a second— 

lutroah of giia into the wiiah bottle will drive o£E any water 
itbat has settled there. When the bag is hiilf full there is 
■g«aerally a loll in the operation, and no bubbles are seen 
■to agitate the water in the wash bottle ; and this opportunity 
(may be taken for taming on a little more gas, bat not 
much more, for presently the oxygen will run off with 
redoubled vehemence, and if too much Same is applied to 
the retort the pressure may become too great for thy con- 
nexions, or the cork of the safety valve may fly out. By 
governing the amount of gas supplied to the stove, the 
emission of oxygen c:ki bo very carefully regulatod. (This 
regulation becomes still CEksier if a. certain amount of 
common salt be added to the gas mixture in the retort. 
This should be done just before the retort ia charged. The 
proportiona are as follows ; — 



Chlorate of pot-ish 
Uanfranese 
Common salt ... 



parts 



11 



. all by weight. When common salt is thus added to tl 
JOB mixture, the chlorate should be powdered.) 

When the gas bag is full and " as tight as a drum," the 
rarious parts of the apparatus used in making the gas 
' must be disconoecttid, and hero some caution is necesNary. 
The first thing to do ia to pull the tube from the gas bag 
ami turn off the tap at the same instant. Next remove 
the tube from the retoi't, and last of all turn off the gas 
snpply from the atove. Why I say that caution ia iieceaaary 
I, because if the gas is turned off befure the retort is 
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disoonnected from the wash bottle, the water in the latter 
may rush back into the retort and cause a small steam 
explosion. 

This has certainly never happened to me; but I have 
heard of cases where such a thing has occurred, and 
although it would probably be unattended by any serious 
results, it might lead to a great deal of mess and 
trouble. 

The retort may be left, until it has become nearly cold, 
or at any rate until it is cool enough to be handled. The 
branch pipe should then be unscrewed, and the retort at 
once washed out with water — warm water by preference. 
This should be thoroughly done, and many changes of water 
should be used, until the last wash water comes away per- 
fectly clean. If the retort is left with the residue of the gas 
mixture in it, the metal inside is very quickly corroded, and 
the vessel does not last half so long as it does if it be at 
once carefully washed. The branch and the india-rubber 
connecting tubes should be washed out also. 

I have mentioned that the commercial chlorate of potash 
is contaminated with a certain amount of free chlorine. This 
soon renders itself evident if the operator places his nose 
near the delivery tube from the wash bottle when the gas 
is coming ofE; for chlorine gas has a suffocating odour. 
This is not the only disadvantage which it has in gas 
making for lantern purposes, for it so acts upon the india- 
rubber bag and the attached bniss work that it quickly 
leads to deterioration. By placing in the wash bottle 
water something which will seize hold of this chlorine and 
detain it, we shall avoid this last difficulty, and the 
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l>eRt' Bufastiinoe for the pnrpoae is f^jH^r sodii, or 
lM)t.*dL Fuiiiiig this. ciiiuiiLon washiug Bod* wiD answer 
ntJiLrly iis well. Gaur^tir soda is rather lui wwkwud thing 
t(> tn^vel ulNmt witli. for it h» of a mnia carrosive xuttnre ; 
Inn it should In* nscd in preference u* uii\*chii]£r elae, when 
pi^ i» imidi' Mt home. P'nigmeniifi of disnfled lime cylinderB 
will idi!i(» answer welL 

To show tliat the chlorine is BCtafJlT tuken up hj the 
blur Hiid its iM^oncinirs, 1 iujjt mention that if the experi- 
iiKMii Im> tried it will Ik* found thsit the pts when £rst xnade^ 
ultiioiurl) liiL^lily chanred with chlorine and inducing 
coiiirliiiur and other nn]ilo:)S}int sitnsations if inhaled, may, 
uft(*r hnviuir Ixh^u left in the bii^ for an honrortwoi,be 
hrcii-tiit^d without anv ill effect. 

Mr. Fleu?^, whose diving and iifc^-saving ajipamtas de- 
{t(>hdh in }i prn^at measure n|K)n a supply of compressed 
jiWLn'n c::s. onlled niv attention to the above fact, and tdd 

• • • • 

nil t.h:it h( luid used pis for bre:*thin£r purposes which had 
\\rr\i fn^ed <it it> ehltirine by renntininir in the gas hag for 
H4iiii( hour> jis 1 h;iV( inst exi»l;»ined. 

1 iiiit\ mention th»t the rt^idue left in the retort — and 
v^lihth ] lijivt reiMnnin-n led. should be washed ont without 
iIjIiii, r(»?»sist> of cliloHde of i>»tnsh. ftnd the mamranese; 
i\n IjififT tjuir^ niPilr^Ted. It msy be useful to point ont 
Uiiit i.hi d.ilffn nrse K'twvon the chlorate and the chloride is 
*■:•»»* U iUHti ).\ evj.n.^T.inc the cr^*st;»ls of 04»oh iiiider a 
u,u- -lauutfu 1: H little eV.i,^r:jr<* mimru^d with water is 
Aiisuuii ^ift H slo 4'tf cl:'j«s, and allowt\i to evwporiite^ the 
^•j*'rf*i*w.l. )»uv( arboTi.bio form j^ee A, tic l5*V But if , on 
U«( oiti<4 hiMid, a «t»-«ii;t4on ot chloride of jv-^t^ssh be examined 



f THE LiNTEBB. 



43 



ia the same manner, they will be found to be sqaarc in out- 
line, as in B. Should it be deeired to nse the manganeBe 
over Again, it must be freed from the chloride by repeated 




Fli;. li). 



changes of water. It will thna be dissolved out, while the 
manganese remains behind in the form, of black mud. 
This latter must be dried before being again employed in 
the retort. 

The operatiou of oxygen gas mating ia now with many 
lanternists a thing of the past, for they prefer to bay it 
ready made. For many years this gas lias been supplied, 
by one or two makers, compressed in iron or steel 
cylinders. But the price, aightpence per foot, was too 
high to induce cun^umers to relinqnish the cnstom of 
making it themaelves. Of recent months, however, the 
gas hits been supplied at half that price, with the result that 
many prefer to buy it rather than make it themselves. 
The manufacture of oxygen gis therefore represents " A 
a new industry," and under that title I described it a 
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short time ago in an article in " Chambers's Journal.*' From 
that article I will now give the following extract : — 

" Any manual of chemistry will inform us that oxygen 
is the most widely-diffused element in nature. It enters 
into the composition of air, of water ; it is found in nearly 
all earths and rocks; and forms more than one-half of 
animal and plant life. In fact it is not too much to say 
that oxygen forms one-half of the globe and its belongings ; 
but of course it is combined with other elements. Chemists 
can tell us of a dozen different methods of isolating this 
gas ; but the one most usually adopted is to subject a salt of 
potjish (potassic chlorate), which is extremely rich in 
•x^gen, to heat in a retort, when it quickly parts with that 
gas, which can be collected in a suitable containing vessel 
for use. To show the extent to which this salt is used for the 
production of oxygen, we may mention that we were lately 
informed by a London dealer that he sold yearly one 
hundred tons of pofc-.issic chlorate, and that he had reason to 
believe that it was ncirly all used for the production of gas. 
This quantity of the salt would afford, roughly speaking, 
nine hundred thousand cubic feet of oxygen, and we must 
not forget that this is the amount dispensed through one 
dealer only. The natural question which arises as to what 
purposes this gas is applied, we shall deal with presently. 
We have preferred to show, first, that there is an enormous 
demand for oxygen, so that the importance of a new 
industry for producing it may be at once appreciated. 

" Oxygen forms one-fifth of the air which we breathe, the 
other four- fifths consisting of an inert gas called nitrogen. 
And it is important that we should remember that the 
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mixture of these two gases is a strictly mechanical, not a 
chemical one. What we mean is this. K it were possible 
by any means to make visible and magnify the particles of 
air, we should be able to distingnisk the atoms of oxygen 
and of nitrogen side by side, but in the proportion of one 
to four. It might be compared to a mixture of pepj)er and 
salt, which, although it looks gray to the unaided sight, 
would, under the microscope, show plainly the independent 
grains of both constitutents. (It is curious to note that a 
chemical mixture of the two gases, in which their atoms 
combine to form a new compound, produces that useful 
ansesthetic, nitrous oxide — laughing gas.) It has long 
been the dream of chemists that oxygen might be produced 
direct from the atmosphere by separating its atoms from 
the atoiii3 of nitrogen with which it is associated but not 
combined. Indeed, a plan by which this could be accom- 
plished has long been ^nown, but it happens to be one of 
those numerous methoils, which in theory are perfect, but 
which when reduced to practice are found to be encumbered 
by various difficulties. But as a new industry is founded 
upon the process referred to, and its success has been 
assured by a patient conquest of the numerous practical 
difficulties associated with it, we cannot do better than 
describe it. 

" It was long ago demonstrated by Boussingault that when 
the substance called baryta, otherwise the oxide of barium, 
was heated to a low redness, it would absorb oxygen from 
air submitted to it. He further showed that if this com- 
pound were then raised to a higher temperature, the 
oxygen thus absorbed would be given off once more, and the 
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hirjta would be reatoreii to its former condition, tondj 
for a repetition of the iiction. It would thus Eecm'that 
there was at hand & process for obtaining from the ntmo- 
Bphere an endless snpplj of its essence, ao to spent. Bat, 
»') we have before hinted, theory and practice are two 
different thinga. The process wonld not work on a com- 
niereiiil SKile. All went well at first ; but for aome reason 
or other, the baryte lost its power of recovery, and would 
not repeat its office of absorbing osygen. 

" A few years ago, two of M. Bouasingault'a pupils, Messrs. 
A. and L. Briii, resolved to carry through a series of ei- 
periments to find oat, if piiaaible, why in tiiia cnse, practics 
would not endorse theory. They soon found that the reason 
why the baryta lost its power of absorbing oxygen wns due 
to certain moleculnr changes, which ceased to occur if 
the air supplied was alisolutely free from impurities, and if 
the heat employed for reducing the baryta to its first 
condition were kept within cortoin limits. They further 
found that the necessary temperature might be much 
reduced if the material were hented in a partial vacunm. 
Another advnntnge waa found in supplying the air under 
pressure, in which case the absorption of oxygen from 
it was much increnaed. Tlicse new conditions were speedily 
realised in apparatus which was erected in Paris, and which 
for three years yielded oxygen of the purest description 
without any renewal of the baryta with which the retorts 
were charged at the commencement oE oporations ; and this 
apparfitus was exhibited at the Inventions Exhibition at 
South Kensington a few years Oigo. 

" The process having thus been shown to be workable, the 
BjDevitable Oompaiiy was formed ; and oxygen can now be 
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obtamed in any qaantity at a cheap rate by any one who 
requires it. Brin's Oxygen Company has established ex- 
tensive works at Westminster, where, by a system of 
retorts and air-pumps, the business of abstracting oxygen 
from the air is continuously carried on. The gas is cjirried 
to a holder, in which it is stored ; and is drawn from that 
holder and compressed in steel cylinders for the uf^^e of the 
Company's customers. These cylinders are so strong, that 
one having the capacity of little more than a cubic foot of 
gas will hold forty feet when that gas is compres ed within it. 
These bottles, placed in wooden cases, are now sent over 
the kingdom by i*ail and carrier.'* 

The gas is of the utmost purity, and is largely used for 
charging water for drinking purposes, as a remedy for 
certain diseases. 

The following table gives the sizes of the cylinders 
supplied, together with their length and weight : — 

Solid Drawn Steel Cylinders Charged to 120 

Atmospheres. 



Cubio 


Diameter 


Length 


Weight, 


Oontents in 


in 


in 


case 


feet. 


inches. 


inches. 


included. 


3 


3 


7 


6Jlb. 


6 


H 


11 


9 „ 


12 


4 


20 


15 „ 


40 


H 


i 
1 


30 


43 „ 


80 


^1 




60 


72 „ 


100 


5| 




78 


84 „ 



THE irons OP THK ! 



Low Pressure Cylinders 



) 10 AlMOSPHEhES 



Cah. co,.tBnlH. 


Diameier. 


Le.«th. 


Weight. 


10 ft. 
1* .. 


10 in. 
10 „ 


20 in. 
36 „ 


391b. 

68 „ 



Each cylinder is fitted with a tap to regulate the flow 
of gas, which tap has u nipple oirer which the rubber 
tubing can readily be dniwn. The 
advantage of using a bottle instead of 
a bag in the one point of bulk is re- 
markable, as maybe seen by the iibove 
J loble. Thus, six cubic feet, which will 
le sufficient for an honr and a haifs 
entertainment, is contained in n. re- 
ceptacle about the size of a champngne 
bottle, and which can be placed in 
the empty lantem-box during use. 
Tiie amount of gas in a bottle can be 
readily ascei'tained by the use of a 
projjer pressure gauge. In fig. 30 one 
TJ of these cylinders is abown with the 
_— regulator and pressure gauge attached. 
The latter is of the form commonly 
used on steam engines, and is known 
aa Bourdon's pressure gauge. It depends for its efficiency 
on the action of interna! preaanro upon a curved tube of 
oval section. The greater the pressure the str.iighter the 
tube becomes, and this movement is communicated by 
simple gearing to the index-finger. The following table 
will be -found useful to those who employ compressed gas : — 
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Table showing the amount of gas in various-sized 

CYLINDERS, AS SHOWN BY GAUGE. ThE GAUGE INDI- 
CATION IS IN LARGE TYPE, AND THE CORRESPONDING 
AMOUNT OF GAS IN SMALLER TYPE. 



CAPACITY OF BOTTLES. 



1 

3 ft. 


6 ft. 


12 ft. 


40 ft. 


80 ft. 


100 ft. 


ft. 

180Q-3 


ft. 
1800-6 


ft. 
1800-12 


ft. 

1800-40 


ft. 
— 80 


ft. 
— 100 


i5oa-2i 


1500-5 


1650-11 


1710-38 


— 76 


— 95 


1200-2 


1200-4 


1500-10 


1620—36 


— 72 


— 90 


900-li 


900-3 


1350-9 


1530-34 


— 68 


— 85 


600-1 


600-2 


1200-8 


1440-32 


64 


— 80 


300-Oi 


300-1 


1050-7 


1350-30 


— 60 — 75 






900-6 


1260-28 


56 


— 70 






750- 5 


1170-26 


— 52 


-. 65 






600-4 


1080-24 


— 48 


— 60 






450- 3 


990-22 


— 44 


— 55 






300- 2 


900-20 


40 


— 50 






150- 1 


810-18 


— 36 


— 45 








720-16 


— 32 


— 40 








630 - 14 


28 


— 35 








540 12 


— 24 


— 30 








450-10 


— 20 


— 25 








360-8 


— 16 


— 20 








270- 6 


12 


— 15 








180-4 


— 8 


— 10 








90—2 


— 4 


— 



CHAPTER IV. 

LTME-LIGHT JETS, BA03, PRESSURE HOARDS, ETC. 

g[HEBE are three forma of jets for the lime-light, 
numely, the oxycaloimn, the blow-throug'h, or 
safety form, and the mixed jet. The aimplest 
of all is the first named. 

The osycalcium jet consists of a spirit-lamp, which is 
fed from a little reservoir at the hack of the lantern. Tlie 
spirit furnishes the neceasarj hydrogen, and tlirougli its 
flame a jet of oxj^n is passed, and impinges upon a 
cylinder of lime placed just at the other side of the wict. 
This lamp will well illuminate a disc of about ten feet in 
diameter with a clear, white light It has the advibntage 
of simplicity, but presents one difficulty in the circiun- 
stance that the lantern must be kept perfectly level. If it 
is inclined backwards, the spirit cannot flow to the point of 
combustion, and if it is inclined forwards the fluid may 
flow too rapidly towards the wick. In some forms of 
osycalclum lamp this is obviated by a special construction 
of the spirit cistern, which is furnished with an automatic 
Tftlve for governing the supply of fluid to the wick. The 
wick will rapidly become charred if the stream of oiygen 
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IB allowed to impinge upon it; it ehonld be eo adinsted 
that the gas juBt escapes touching it while passing through 
its flame. This form of lamp is sometimeB fitted with a 
wick of asbestos, which well resists the greatest heat that 
can be brought against it. The oxycalcinm lamp la value 
able where no hjdn^n gas can be obtained, and, while 
far more powerful than a mineral oil flame, can hardly be 
considered sufficiently powerful for use in a public lecture 
hall. It is nsed in many of the hospitals in conjunction 
with a simple form of lantern for throwing light upon 
patients during certain operations. 

Before I reached the mature age of 
twelve I had made oxygen gas by I 
nearly every available method, and had 
used in this work sundry blacking 
bottles, ginger- beer bottles, guo-buri^la, 
employing as gas-brgs 
bladders fresh from tlie 
bnteher's. It is a wonder to me that 
I was never blown skywards, but 
blown-np in a figurative sense I often 
was. It is now my turn to assume ' 
position of "stem parent,"butin doing 
so I soften towards the juvenile ex- 
perimenter in memory of my own 
misdeeds. Perhaps a description of 
my first hme-light jet, made at 
the cost of a few pence, of two ^'o- ^^■ 

gasfitters' blowpipes, will answer the parpose better than 
anything else, of demonstrating the principle of the ordi- 
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luurj blow-tfarcmgh, or safetr jet, which, on .the whole, is 
the best form of bnmer for amateurs to adopt (see 
%. 21). 

A is a piece of wood ronnded off at one side of its upper 
end, as shown, so as to accommodate its form to the bent 
biow-pipe, which is marked O, for this pipe is the conveyer 
of the oxygen. This is fixed in position by loops of wire, 
passing through holes in the wooden support. Upou 
the other side of this support is bound in like manner 
another blow-pipe, which has its fine nozzle cut off. This is 
marked H, for hydrogen, and is connected when in use, 
by means of an india-rubber tube, to the house-gas supply. 
The upper points of these two pipes are so adjusted that 
the oxygen gas will blow through the flame from the H 
f ipe, on to the lime cylinder L. A jet formed on this 
principle has the word "safety" linked to it, because the 
two gases are kept quite separate until they meet at the 
point of com bustion. Singly, they are innocent of harm ; 
but mixed, except under certain precautions, as we shall 
presently see, they form an explosive compound second 
only to gunpowder. 

To say that the arrangement thus described and illus- 
trated is anything but faulty in construction would be 
absurd, but I will say that there are many jets sold of 
far more pretension which give no better light, and cost 
as many florins as this one does pence. But as I haye 
said, 1 have described it as a ready means of explaining the 
principle of the blow-through jet. I have tried many 
di lie rent patterns of jets, and have selected the one illus- 
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trated Ht fig. 22 ad being by far tlie most perfect of any of 

the bluw-tlii-ougli ljpi\ 




In selecting such a jet the tuyer ehould be carefal to 
see that the orifice of the pipe is sunk within that which 




snpplteH the hydrogen, as Bhown at M. In many jets the 
two pipes are bronght to the same level, but the form I 
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illiistniitfi gives n mouh better light, probably because the 
two giLseB are better mixed before reaching the lime. L is 
the pin upou which the bored, lime cylinder rests, and it 
oao be moved to or from the jot by meaiiB of the ahifting 
Bcrew S. K ia a rod which extends ontaide the lantern, 
ttud which is for the purpose of turning the lime cylinder. 
The foi'm shown is one commonly met with, and it cousiRta 
1 rod connected with a bent spiral of wire. I have 
I loug ago discarded this arrangement, as it works by fitful 
starts, and jerks the lime round instead of moving it by 
degrees. The form of lime-turner attached to the jet 
shown at fig. 23 is the one to select. 

This form is known as the mixed jet, by which the moat 

I powerful form of lime-light ia obtainable, but, as already 

' pointed out, it is not so suituble aa the one before described 

for amateur use. Both gases must be under the same 

preSBure, therefore two bnga for and H respcctivoly 

must be employed, usually under theijiime pressure boards. 

, The jet is sufe enough in skilled hands, but ia not so, 

unless care bo biken with every detiiil. The two gases 

J led to the boi or chamber W", where they mis, and 

I impinge upon the lime through the siugle jet J. J) repre- 

[ Bents a recent improvement which I believe was first 

I suggested by that very good authority on liintern matters, 

[ Mr. Lewis Wright; it deals with the manner of turning 

I file lime cylinder, so that it may not become pitted by the 

[. continued action of the jet ujion one spot. The primitive 

1 plan was to open the limtern door at frequent interval!, 

I ajid to give the hot lime a Itasty touch with the finger. 

I If est the lime pin was furnished with a screw which could be 
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worked outside the lantern, so that it was tamed and raised 
by the same action. Bnt, strange to say, the screw was of 
so fine a pitch, as in fig. 22, that bj one revolution the 
pitted part of the lime was once more brought under the 
influence of the jet. In Mr. Wright's arrangement, which 
I have long ago adopted, the screw is a spiral, which 
during one revolution raises the lime quite a quarter of an 
inch. This plan has still further been improved upon by 
the addition of a nicked wheel, which prevents the lime 
being turned by the operator more than is necessary for 
the time being. This addition is known as "Newton's 
Improved Check-action Lime-movement." The same firm 
of opticians have carried out a still further improve- 
ment devised by Mr. Andrew Pringle. This consists 
of what is called a " cut off," and is applicable only to 
the mixed gas jet. It gives the operator the means of 
setting his jet so that the gases are giving the best pos- 
sible light, and then by the turn of an extra tap cutting 
them off, with the exception of a small supply of the 
hydrogen which keeps burning. He can, therefore, adjust 
his lights beforehand, and feel confident that a turn of 

• 

the tap will once more render them at their best at a 

moment's notice. 

There is certainly room for improvement in the manner 
in which lime jets generally are supported in the lantern. 
A metal tray, sliding in grooves, forms a base board, at the 
end of which is an upright rod of iron which, during use, 
projects at the back of the lantern. Upon this vertical 
rod the whole jet can be moved up or down, and can be 
clamped in position by means of a couple of screws, with 
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milled lieada. Tlie arrangement ih by no means a good 
one, but it ie one qj thnae simple things whicli have been 
unheeded by the many, and manufaLtnrers generally have 
adopted it without perlmpa thinking how inconvenient it is 
in practice. In the first place, the jet is apt to slip either 
downwards bodily, or to one side or the other by a carelesB 
tonch of the operator's hand. In either case, such a shift- 
ing of the light out of the optical axis causes the diso to be 
darkened until the jet be readjusted, which cannot be 
easily done without oxwning the door of the lantern and 
letting out a flood of light in the darkened room. There is, 
besides, much trouble in getting the jet central, which could 
easily be avoided by a more rational arrangement. Mr. 
Pumphrey, of Birmingham, has devised for tho purpose a 
horizontal and vertical rack motion, very like the aame 
movement which is attached to the mechanical stage 
of & inicroscope, but it is somewhat expensive, and 




adds extra weight to the lantom. There is no doubt, 
at the same time, of its efEectiveness and conveni. 
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ence. A siiupler plan is tliat recently introdaced by Mr. 
Stcwiinl, and bIiowd at Kg. 24. In this ca&e n tongue of 
metal is fised to the snpply pipes of tlie jet, and this 
tongue has a Blot in its centre, which en^^iges a vertical 
pin on the lantern tray. This pin is threaded so that a 
couple of diBCB can firmly climp the metal tongne when 
the jet has been once centered. Once clamped in this 
way, the jot cannot be moved nntil it is released by 
unscrewing the discs. 

Another valoable improvement is represented by Wood's 
lime cylinder shield, which is shown, fitted to a jet, at 
fig. 25. It consists of a metal cylinder, rather lai^er than 




the lime, in which the latter ia free to tnm. There 
is an opening in front, through which the incandescent 
lime can throw its light towards the condensing lens. 
In jets, generally, the lime is quite exposed, and nnless it 
be gradually heated will often crack to pieces, by the 
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nnequal expaneion which it undergoes. The shield pre- 
vents this by confining the heat within a narrow area 
around it, at the aatne time keeping the lantern itself com- 
paratively cooL Mr. Wood tella me that there is an 
undoubted gain of light from this conservation of heat in 
and around the lime cylinder. The shield, moreover, does 
much to obviate a by no means uncommon accident, 
namely, the fracture of the valuable condenser itself from 
a flame deflected towards it from a cracked or much-pitted 
lime cylinder. 

The most general method of storing the gases required 
for the lime-light is by means of bags, which should bo of 
the beat quality. It is necessary to caution the beginner 
on this point, for I have known cases where a perfectly 
new bag, fresh from the maker, has been found, on trial, 
to leak badly. I cannot say that such an unpleasant cir- 
cumstance has happtmod to myself, for I go to a makoc 
upon whom I can rely, It may possibly have been the 
fault of the operator himself, who did not take the pro- 
caution to warm the bag before use. For those bags in 
winter time — when of course they are most generally used 
— get atiif and hard, and if not of good quality are apt 
to crack, unless carefully warmed before use. 

The best bags are made of unvulcanised rubber, covered 
on the outer aide with tw ill, and on the inner side with coarse 
canvas. This rough canvas serves a double purpose — it 
gives strength to the bag and also prevents the inner sides 
sticking together when the ba^ is empty. After a bag baa 
been in use some time, the presence of this canvas makes 
itself evident by a quantity of fibrous matter which 
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comes out of the jet, and which I have been gravely told 
by an ignorant operator is a deposit left by the oxygen 
gas! 

The bag is furnished with a brass stop-cock, which is 
apt to get so stiff as to be very difficult to turn. For this 
reason the screw holding the plug of the tap should be 
undone frequently, and the plug touched with a little oil, 
vaseline, or tallow. This stiffness is due to free chlorine, 
which, as is explained in the chapter on oxygen making, 
is often present in that gas. The purchaser of a bag is of 
course to a great extent at the mercy of the trader, and 
many inferior bags are sold to the unwary. But a few 
inquiries among those who know what a good bag should 
consist of will soon inform the buyer where he can pur- 
chase one which is reliable in quality. Certainly too rigid 
an economy should not be exercised in this particular part 
of the lantern equipment. 

The gas-bags are made, wedge-shaped so that they 
can be placed between sloping pressure boards fur- 
nished with weights. I have heard of careless operators 
who are content to trust to luck for finding suitable 
boards for their gas-bag, or bags, when they arrive at the 
scene of operations. This is, of course, a most repre- 
hensible proceeding. But should an exhibitor be so placed 
that he cannot obtain boards, a blackboard, such as can 
be found in any schoolroom, can be used for the purpose, 
provided that it is fastened by staples to the floor. It 
must also have a shelf at the other end, on its upper side, 
against which the weights can rest. This is but a make- 
shifty and one which should only be resorted to in an 
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mergenpj. In some of my experimental lectures, where 
require a lime-light for occasionul use on the plat- 




form, I carry with me a small bag holding only three feet 
of giis, aud a special form of preasure boai'd which I have 
designed for the purpose. It eonsista simply of two pieces 
of inch Ixwird, each pierced on one edg-e with corresponding 
tentre-hit holes three-quarters of an inch in diameter' 
Into these holes fit half a dozen round rods of pine. A 
couple of pieces of wood screwed to the under edge of one 
of these pieces of board serve as a support to the fcwentj- 
eight-pound weight employed. The lower part of thiB 
skeleton pressure board is furnished with a couple of bolts 
which shoot oat, and into two screw eyes, fastened to the 
floor. The whole arrangement will be rendered clear by 
the annexed sketch (fig. 36). I merely describe it here in 
the hope that it may be aa oaeful to others as it has been 
to myself. 
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For the blow-throngh jet only one pressnre board is 
required, and perhaps a better form cannot be used than 
a couple of thin boards hinged together with a simple 
ledge, or shelf, above, also on hinges, for the reception of 
the weights. But for the mixed jet another arrangement 
is necessary. In this latter case the two gases must be 
under equal preasure. Two pairs of boards, like those 
just described, may be used side by side, but they will 
occupy a great deal of space, and a double supply of 
weights will become necessary. This last objection is, 
perhaps, more cogent thau the first, for in these days of 
patent weighing machines the old-fashioned 56-pouiiders 
are becoming quite scarce. It is, therefore, much bettor 
to use a pair of boards, so constructed that they will 
embrace both bags — one set of weights being all-sufficient 
for the two. A further advantage of tliis arrangement is 
that both bags are under the same pressure, and additional 
weights put on during performance cannot affect one bag 
to the prejudice of the other. Dangerous accidents have 
before now happened when independent pressure boards 
have been in use, from the weights having been in- 
•advertently shifted from one gas, while the other has been 
left under full pressure. 

To Mr. Maiden is due the credit of having first designed 
a pair of pressure boards which would hold both bags 
under one set of weights, and the arrangement which he 
suggested is that which is now commonly adopted by 
opticians, and figured in their catalogues. I myself 
use a modified form of these pressure boards, and 
as I have given much thought to the subject before 
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haying them constructed, and as thej answer their parpose 
most perfectly, I will describe them. 

Thej are what are called skeleton-boards ; that is to 
aay, they consist of frames filled in with sail-cloth. This 
mode of construction saves a great amount of weight. 
The wood-work is of best pine, IJ inches thick, and is 
mortised at every joint. Rufeiring to fig. 27, it will be 
seen that the upper fnime is furnished with ii couple of 
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Fio. 28. 



Fig- 27. 
hinged shelves, between wbich the ^ 
These shelves are mnde of hard wood, ao that they will 
not readily hreak. The lower frame {fig. 28) has let into it 
a smaller frame, which, when the boards are not m use, is 
bolted into the main frame for travelling. But when in 
use, this lower fnime is caused ta full downwards, so that 
it acta as a support for the prcRsu re-boards, keeping them 
at the right angle. The hinges which connect the two 
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frames tc^ether are of wronght iron and of verj solid 
Gonstmction ; for they have to bear some amount of strain. 
It will be noticed that the sail-cloth is made in two pieces, 
with eyelet holes along the edges where tliey meet, so that 
by means of strong cord they can be laced np and rendered 
as tight as a dmmhead. 

Between the two frames there is secured a sheet of sail- 
cloth, which is nailed down to the lower board at the 
hinged end. In the centre of its other extremity is sewn 
a flattened ring of galvanised iron. Where the sail-cloth 
is nailed to the woodwork zinc roofing nails should be 
used, for they will never rust. To the end of the 
lower frame which is farthest away from the hinges 
is nailed a strong leather strap, about six feet long, and 
when the bags are in position this strap is passed through 
the flattened ring on the midway sheet of sail-cloth, and 
then through a corresponding opening on the upper frame, 
where it is secured with a buckle. By means of this strap 
the two bags are kept in place, while the sail-cloth sheet 
between them also helps to prevent them slipping back- 
wards. 

It is -customary to place the hydrogen bag below and the 
oxygen one above, but I am not aware that there is any 
advantage in so doing. Certainly I have met with operators 
who prefer to reverse their positions, and seemingly without 
any disadvantage. 

The taps on the bags should have a large bore, and the 
tubes which serve to connect them with the lantern should 
also be of good size. The amount of weight on the 
bags is governed to some extent by the size of disc re- 
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quired to be shown. Using a disc of from 15 to 18 feet in 
diameter the exhibitor will do well to commence when the 
bags are full with two half-hundredweights on his pressure 
boards. But when the gas has been so much used that the 
upper board gets nearly horizontal the pressure will be 
lessened, and the light will suffer to some extent. When 
this happens, the experienced operator will place another 
half -hundred weight in position, and the increased bright- 
ness of the picture will quickly show the advantage of so 
doing. 

When the gas or gases are drawn direct from steel 
cylinders, or bottles, if a double or triple lantern is in 
use, some form of regulator must be employed. The first 
introduced, and perhaps the most perfect, is that patented 
by Messrs. Oakley & Beard. 

Before proceeding to describe this important new de- 
parture in lantern working, it may be as well to point out 
one or two difficulties which are incidental to the ordinary 
method of storing the gases required in india-rubber bags. 
So far as the writer knows, one of these difficulties has 
never been recognised in print. This difficulty is com- 
prised in the fact that any kind of gas, if kept in an india- 
rubber bag, quickly deteriorates. By the phenomenon 
known by the term endosmose, two gases separated by a 
porous diaphragm will effect a mutual exchange. Take 
the case of an ordinary india-rubber tube used for a table 
lamp or gas stove. How quickly it begins to smell. 
This is nothing else but the gas escaping through the 
india-rubber, and carrying on an exchange with that other 
gas — the air — which is outside. It would be interesting 
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to know how qnickl j this exchange takes place in the case 
of a bag of oxygen; but, as an experienced worker, I 
have no hesitation in saying that there is a marked 
deterioration in the quality of the lime-light, if the oxygen 
gas used has been kept for only 24 hours in a bag 
instead of being freshly niade. The same rule will 
apply to the hydrogen gas in a greater degree, for the 
hydrogen passes through a porous diaphragm &r more 
rapidly than can oxygen. But, in practice, the H bag is 
filled from the nearest gas-tap immediately before it is 
wanted. (Mr. Fletcher, of Warrington, has patented a 
method of preventing the smell of gas-tubes, by inserting 
a partition of tinfoil between the two layers of india-rubber 
which compose the tube. This foil stops the smell, by 
stopping endosmose. The same principle might, of course, 
be applied to gas-bags. Here is a hint for manufacturers.) 
Other objections to the use of gas-bags are found in their 
initial expense, and the necessity for constant renewal, 
their bulk, and their liability to mechanical injury. In 
spite of these defects, I have always preferred to use gas 
in bags, rather than gas compressed in cylinders. My 
reasons for this choice I will now give. 

If the gases are compressed in cylinders, there is a 
great saving in trouble, as well as in bulk of apparatus ; 
but I have hitherto set my face against them for the 
following reasons : — 1. The pressure is so great, that the 
india-rubber tubes are apt to blow off ; and, if tied on, may 
burst. 2, The light cannot be regulated at the jets and 
by the taps provided for that purpose, but the taps must 
be turned fully on, and the outrush of gas roughly 
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reflated — a very difficult matter — by the screw ping on 
the nozzles of the bottlea. 3. The opei-ator at the lantera, 
even if he succeed in thus procuring the delivery of the 
proper amount of oxygen and hydrogen respectively, muBt 
stoop down to do so, and, for the time, ueglect other duties. 
i. The pressure is constetnt ; and, therefore, if a doable or 
treble light ia suddenly wanted — as in the case of bianial 
and triple lanterns — the amount of gaa measured out for one 
light, must serve for two or three, as the ease may be — 
and all suffer. 5. As the bottles gradually empty, the 
pressure sinks; and, therefore, the screw.plaga have to be 
opened several times during an evening's work. Every 
time this becomes necessary, there is a likely chance of too 
much being turned on, and the tubes being blown off. It 
is, therefore, seen that, although b:^ are tronbleaome, 
bottles possess many disadvantages which would make any 
careful operator pause before he adopted them. These 
disadvantages, however, entirely disappear when the 
bottles are used with regulators. 

The action of the regulator can be understood without 
much difficulty by reference to the annexed sectional 
diagram, fig. 38. The screw-thread iP at the bottom of the 
drawing, is where the editing D fits upon the bottle of 
compressed gas ; rf' is the delivery tube, governed by the 
stop-cock fP. B is a base-pliite supporting the most im- 
portant part of the apparatus, and B E standing upon it 
is merely a cosing to protect the enclosed part from injury. 
A A sre bellows made of the finest rubber, and of a form 
not unlike the bellows of a camera, only that it is circular. 
Tl) > top of the bellows is heavily weighted, so that its 
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natuKil tendency is to remuin L-ompressed. This top is 1 

fnrniaiied with a coilftr C, basing a screw-thread in which J 
the screw pillar F can easily tnm. It will be notiwjd 

that the thread uf the screw ia coiirse, so we nmy call I 

it an Archimedean screw. At its lower part is a fine, and ' 




refore Blow-motinn screw, wliich works in the ootlt 

Now, let us see how beautifully thia double-screw motion is 

applied to regulating the delivery of the highly-compressed 

gOB. Ab soon as the gas emet^es from the bottle it passes 

f2 
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bctwectt the apnco wliict is open between the viAvef and 
the valve Beat d. It then ruehcs into the bellowH above, 
which become gradually raised by ite preeenre. Ab the 
bellows riae the screw pilUir F is quickly turned, in its 
aooket, and gives a alow nmtion to the screw bolow. The 
effect of this movement is to bring the valve J' down on ite 
neat rf, and the supply of gas is cat off. But in practice 
the gns will be drawn o£E from the delivery tube rfi bo 
that the bellows will soon be compressed once more. As 
the bellows move downwards, the screw F acta in the reverse 
manner, ao tliivt the valve F is now r&ised, and a fresh 
supply of gas enters the bellows. In this way the bellows 
are constantly rising and falling. If but one lime-light is 
in nae, and the delivery of the gsis is therefore regular, 
the bellows will be almost stationary, for they will auto- 
matically adjast the valve F, ho that just enough gas, and 
no more, will pass through the opening. But if two or 
throe lights are in use, and sometimes only one, and per- 
haps iramediiitely afterwards all three are reqniaitioned, 
then the little bellows will have a more lively time of it. 
In both coses the regulator will deliver the quantity of 
gas which happens at the moment to be required. 

Some time ago I contributed to T/ie Camera, an illus- 
trated article showing how, by the use of a small gas-bag, 
A, the outflow of gas from a cylinder might be regulated. 
The bag was in this case made to raise a lever aa it 
filled, thus cutting off the gnu supply from the bottle, until 
the bag was pai'tinJly emptied, when the action was repeated. 
Shortly after the publication of this article a aelf-aeting 
valve on the same principle was introduced. This valve 
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Frg. 1'; 

pact, and works 

It may be noted here, that there 
nsing pure hydrogen, instead 
from the main, althongh its 
leade to extra, trouble and ex- 
pense. The most convenient 
way of making this gas in smal! 
quantities is by treating scm.p 
zinc with dilute acid. A con- 
venient Ji.ppftratnB is that ehowu 
in the diagram, fig. 30. It was 
devised some years ago by Mr, 
Pttmplirc-y, and published in one 
of the Photographic Annnals, 
It consists of a cojJiier container, 
in which is an inverted box with 
a delivery tube and tap attached 
to it for drawing off the gas as 
it is generated. This inner bos 



I the loose nut by which it ia 1 
attached b> the gas-bottle ; B, the | 
valve proper, which is governed ] 
by the spring lever D. The j 
tendency of this spring is bi keep j 
the bag shut, and when in that | 
position the tap is open. The 
gas pressure, however, qnicklj 
inflates the bog, and turns off thfl 
gas snpjily. The delivery pipe, 
E, is connected with the lantern. 
The appuratus is small and com- 
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has s Tsmovftble perforated shelf fitt«d (o it, and the box 

itself is so arranged that it can be wedged tightly in its 
place. The shelf is to hold the necessary supply of 
scrap zinc, and as the acidulated water attacks the 
metal, hydrogen is rapidly given oS, nntil the water is 
forced by the pressure of the gas below the shelf, and 
the action ceases. It is t^in renewed when gas is 
drawn off from the tap, for then the water again rises 
to the zinc, and a fresh supply is generated. This 
appiiratus is clearly a modification of the Dobereiner 
lump, in which t)ie gns generated in this manner impinges 
upon and renders reiMiot a pellet of spongy platinum. 
At a recent lantiim exhibition ;it tlie Crystal Palace, where 
a 30-foot screen was nsed, pure hydrogen from a bottle 
fed the lime-light. On one occasion ordinnry coal-gas was 
substituted, with a loss of liglit which was estimated by 
those well qiiitlifled to form a judgment, at no less than 
25 per cecit. 





CHAPTER V. 

THE LIME-LIGHT AVD ITS MAVAGEMEHT. 

HE lime-light was discorered aboul the year 1826 
by Lieut. Drummond, R.R^ during the progress 
of the Ordnance of Ireland Survey, when the 
want of some method of signalling between distant stations 
was much felt. As originally constructed, Drummond's 
lamp was very different to the convenient forms of lime jet 
now in use. It consisted of a blow-pipe, which impinged 
upon a ball of lime about as big as a marble. This lime 
ball did not last more than half an hour, but when spent 
another took its place automatically. The lime ball was 
placed in the focus of a parabolic silvered-copper reflector. 
With this apparatus, the light was visible from Antrim in 
Ireland, to Ben Lomond in Scotland, a distance of ninety- 
fire miles as the crow flies. Upon another occasion, the 
light from the Drummond lamp was distinguishable at a 
distance of one hundred and twelve miles. 

When manufactured limes cannot be obtained, a piece 
of limestone fresh from the kiln can be sawn roughly to 
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the cylindrical form, and mbbed down with a file ; or a 
piece of good hard chalk will serve, if there is nothing 
better at hand. The following mixture has been recom- 
mendt'd as one from which a hard substance can be 
moulded which will take the place of the usual lime 
cylinder : — 

Preoipitated Chalk 4 parts. 

Heavy Magnesia Carbonate 1 part. 

Mix to paste vnth gum-watery and mould to form. 

Of late years some new limes have been introduced, with 
the trade-mark " Excelsior." These will do admirably for 
the blow-through jet, but will not (at any rate in my 
hands) withstand the attack of a powerful mixed jet. I 
have always regretted that I cannot use them, for they are 
uniform in size, are accurately turned and bored, and are 
packed in a very convenient manner. A good hard 
material which will last for several hours, and which is not 
affected by damp, is a thing that is much wanted for lime- 
light working. The following extract from Lieut. Drum- 
mond*s paper in the Philosophical Transactions, 1826, is 
interesting, as showing that the discoverer of the lime-light, 
made trials of various substances, but found lime to be the 
best : — 

" The results of several trials made at the commencement, 
gave for — 

Lime 37 times 

Zirconia 31 times 

Maguesia 16 times 

the intensity of an Argand burner. The oxide of zinc was 
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also tried ; but besides wasting awaj rapidlj, it prored 

inferior even to magnesia. 

" Of these substances, and also of their oomp mnds with 
one another, lime appearing to possess a decided superioritv, 
mj subsequent experiments were confined to it ak'ne. and 
by a more perfect adjustment of the apparc^tus, by bringin^r 
the maximum heat, which is confined within namiw 
limits, exactly to the surface of the lime ball, and by using 
smaller balls than those employed in the early experiments, 
a very matei ial increase of light has been obtained. The 
mean of ten experiments, made lately with every pre- 
caution, gives for the light emitted by lime, when exiM>^ed 
to this intense heat, 83 times the intensity of the brightest 
part of the flame of an Argand burner of the best construc- 
tion, and supplied with the finest oiL The lime from chalk, 
and such as is known at the London wharfe by the name of 
flame lime, appears to be more brilliant than any that has 
been tried. When well-burned Carrara marble is made 
into a paste with water, and gradually dried, it appears to 
be nearly equal, to the preceding ; when strongly com- 
pressed, or very porous, it is inferior." 

The best limes to be obtained are of the kind kn own as 
" hard," or " Nottingham limes." The e last better than 
any others that I know of. They are sold in tin boxes 
holding one dozen each, and are packed in powdered lime, 
kept as far as possible from the air. Let it be remembered 
that these limes will be spoiled by exposure to damp air. 
By such exposure they swell to double their normal size, 
will break the strongest box in which they are confined, 
and will, finally, fadl to powder. In other woi-ds, they are 
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mode of gtiiek lime, and moistore will elake tlici 
cylinders are difficult things to keep, for dump air will get 
to them in spite of ordimiry pri?cautIons. I have tried to 
preserve them — with partial success — by dipping each 
cylinder separutely into a solution of indiarubber in ben- 
zole or chloroform, which forms a akin npon its surface. 
An American writer publishes a better plan. He melts 
Home solid paraffin or bees' wax in a metallic vessel, 
exercising care that the liejit ia just enough to render 
the substance liquid nod no more. He then dips each 
cylinder into the wax hilf way, allows it to cool, and then 
holding it by its wased end, dips the other half. This 
coating, he says, quite excludes the air, and the limes may 
bo rolled in paper imd patked iway until wanted for use. 
The coating ia readily peeled off when the lime is required 
for the lantern, pro VI dtd that the heat employed in melting 
the wax was not too high when the cylinders were dipped. 
Each lime ia cylindrica!, and about one inch and a half in 
length, with a central hole for the reception of the pin 
upon the jet. This hole should be carefully freed of 
powdered lime, by running a matoh through it, after 
which the cylinder can be placed npon its pin, where for 
the present we will leave it. 

AsalroadyindicatedjtheiaoHtcommonlynsed form of lime 
jet ia tho safety, or blow-through kind. If the jet be a 
properly-constructed one, it will well illuminate a picture 
15 feet in diameter, la tliin jet the hydrogen is sup- 
plied from the nearest household source, by a connecting 
tube of india-rubber. Herein lies, perhaps, its ouly dis- 
advantiige, In an ordinary house the connexion ia an 



THE BOOK or THE LANTERN. 75 

msj matter, bat in large halls, which are now commonlj 
lighted by one or two sunlights high overhead, the 
operator finds himself in a serions difficnltj. In this jet 
the two gases do not mix until they reach the point of 
combustion, and for this reason the apparatus is dis- 
tinguished by the word "safety." For hydrogen and 
oxyen, when mixed together, form an explosive vapour of 
most terrible power, and one which is most difficult to 
control. If any one should wish to prove this, let him fill 
a soda-water bottle with the gases over a pneumatic trough 
in the proportions of two volumes of hydrogen to one of 
oxygen. Then close the bottle with a well-greased cork, 
•and, after wrapping it in a towel in case of fracture, take 
out the cork, and put the mouth of the bottle in front of a 
candle flame. The report caused by the explosion of the 
gases will be quite equal to a heavily-cliarged fowling- 
piece. But when the two gases are used in conjunction 
with the safety-jet there is no risk of explosion, for no 
mixture takes place until the gases meet on the lime 
cylinder. I know that accidents have happened when 
this jet has been in use, but they are traceable to im- 
proper use of the apparatus. A case of this kind came 
under my notice quite lately. An optician had employed 
a new hand to see after the making of the oxygen gas and 
filling the bag with the same. This individual was, after 
a time, left to his own devices, and finding, upon one 
occasion, that the bag was not full, he attached it to the 
nearest gas-bracket until it was properly distended. This 
bag was used in public the same evening, and a few 
minutes after the proceedings commenced it blew up, and, 
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besides wreckiiig the lantern, smashed all the windows in 
the halL The canse of the disaster leaked ont afterwards. 

But with proper care this jet is perfectly safe, and 
one which I have used scores of times for purposes of 
demonstration in crowded school-rooms. As the bulk of 
my readers are more likely to adopt this form of limelight 
than any other, I will give directions for working with it 
which will at once show its simplicity. We will suppose, 
in order to make the matter clearer, that the operator has 
a single lantern fitted with this form of jet. 

Beyond the mere lantern and its belongings, there will 
be required some india-rubber tubing, a box of limes, and 
a big or bottle of gas. The best rubber tubing is the red • 
variety; but it is expensive. It will, therefore, be found 
economical to adopt a plan which 1 myself have practised 
with advantage. Two lengths of tubing are required, one 
for each of the gases employed. A 6-foot length will be 
sufficient to connect the O side of the jet with the iron 
bottle or bag ; but the length of the other piece of tubing, 
which is to connect the H side of the jet with the nearest 
house gas-burner, is obviously dependent upon the distance 
of that supply from the place where the lantern is being 
exhibited. If the nearest tap is in another room, it is best 
to use a length of compo. (lead) gas-pipe, which is absurdly 
cheap. Upon one occasion I remember drawing the gas 
from another house by such a means of communication, 
the pipe passing through two windows. But it is only 
upon rare occasions that such a proceeding is necessary, 
and the worker is generally able to find a source of gas- 
supply ready to his hand. When such is the case, I 
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recommend the employment of two different kinds of 
tnbing. There is a hard black kind, made, I fancy, in 
France, bnt easily procurable in this country, which wears 
extremely well, far better, indeed, than the ordinary grey 
kind. It is cheap as well as good. The only part where 
it seems to deteriorate is the end, where it is beinp 
constantly fitted on to the metal jet. This gets soft and 
rough after some time, a failing which is easily remedied 
by judicious amputation. Use for each gas a sufficient 
length of this black tubing, and firmly att'vch to the end 
of each piece a short length of the more elastic red tubing, 
by which connexion with the bottle and house gas respec- 
tively can be easily made. In joining the two kinds of 
tubing together, use a couple of inches of lead pipe as a 
connecting link between them. First draw the black 
tubing half way over the lead, and then, if possible, allow 
the red tube to cover both, securing the whole with 
string. 

Having all these things ready, the H tube fastened to 
the nearest gas supply, and the O tube to the bottle or bag, 
we can proceed to work. Let the lime-pin be so adjusted 
that the lime is about 1-1 6th of an inch from the nozzle of 
the jet. Then turn on the tap marked H, and light the 
jet. Turn down the gas until the flame is about one 
inch high, and let matters thus remain for five minutes, to 
give the lime time to warm through Without this pre- 
caution, and if the oxygen is turned on at once, the lime 
is apt to split up from the sudden heat. 

After this five minutes' rest, you may attend to the 
oxygen supply. If the gfvs is supplied from a bottle or 
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I oyliader Jtrst turn thfl tnp nf the jet full an, and let it 

lin M, Tiiia is a most important point, and for the 

I following renson ; the supply of oxygen must be regulated 

I only from the tap on the bottle, for the pi-essure of gna is 

liflo great that if we turn on the bottle tap and then attempt 

liock its Sow by moving the tap jet, tho connecting 

(■ rubber tuba will be blown off or possibly split up. There 

L ia another advantiige in keeping the hydrogen jet burning 

some time before the lantern ia nsod. It warms the 

I glasses, and prevents that deposit of moisture upon them 

I which ia othorwise always more or less a.pfiarent, especially 

* crowded room. Turn the H tap until there ia a good 

big flume from the jet, and now very, very gradually turn 

the lever feip of the bottle. If yon do this too quickly, the 

sudden mixture of and H at the jet causes the light 

to go out with an unpleasant crack. There is ideally no 

danger, but the noise frightens nervous people, who axe 

I* prone to aaaociafce with lanterns generally the idea of being 

r blown skyward. The regulation of the two gasea ia a 

I matter which is soon learned by experience, and ia governed 

' by the appearance of the disc of light obtained on the sheet. 

Move the two taps until the best effect is obtained ; the 

knack of doing so ia very soon learned. 

Having seen tli.it the gas jet is burning well and quietly, 

which is one sign that all is at it should be, the nest thing 

) see that the light ia perfectly central with the optical 

j system. Sea that the tray upon which the jet is fixed is 

withdrawn so aa to leave a space of about 4 inches 

tvveen the light and the condensing lens. Rnise or lower 

e jet on its supporting rod, and move it from left to 

right until tha flare of light seen upon the eheet is as 
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ceniaral as possible. When tius is the case. taglxteD the 
or screws (and two are better than one^ wLiHi Lc'id rhe jet 
on the rod, so as to clamp it firmlj in poeiiion. Sow prew- 
forward the traj, so that the light appraacLes ti>e wmiezisisr. 
and this will canse the sheet to become equaHj ijnr -^tiAed 
with a sharplj-defined mai^gin all ronxid. X.'W jut^yt a 
slide on the stage of the lantern, and focus it a^ febarpilj a^ 
possible. Hie best way 'to do this is Uj set ^tt focnskdzig- 
screw so that it is at its middle pcfshiifn, then f ciciu br 
sliding in and ont the flange into which tLe objvr.ir*: » 
screwed. Get ronghly the best focns which ran oc '.'buiii 
bj this means, and then give a finishing tonch bj hj/oo^a 'A 
the focnssing-screw. 

If adonble or binnial lantern be emplojed. tLe iKboewMrr 
operations will be R-tlier more oomplieattd. for htre wt ku*JJ 
have two lights, and two optical systems to coiitrol ixibVsbd 
of one. Bnt, when once nnderst^xid, the woridng cif k dv-bl*: 
lantern is both simple and easy, so much wj Untl <m nAnj 
occasions when a good assistant was not f ortL-cozidiig I ia v« 
worked the lantern myself and lectured at the saiite X:::j:. 
The two lanterns are connected by means of a dibb'J vL'jv ^^^^ 
such as that shown in fig.^, which is a yenr ^'x/l pit^Vrrr*- 
This tap is so arranged that when the lerer L& iipri;^Lt rr/Vj 
lanterns have their fnll supply of the g!t^»^ ; wL^r'j t*^ 
lever is turned over towards the XkhAjuzA feid*:. ^hk hi^*:r 
lantern only is provided for, whilst >» hum in t/j* n?v«r/>^ 
direction the upper one is supplier] wit/j ga*. Tl^ '^'y^.tjo^l 
plan for dissolving was to move a ooupU? of hfirr»X^A 
screens to and fro in front of the l^rixb^^, U/t^j jH» 
continuing burning during the entire ejchjbjti//fj, 'i'i^iij 
more modem method of cutting off the gay> sup|/ly from 
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each lantern alternately has the great merit of saving 
nearly half the gas bill. It will be noticed in the cnt of 
the disBolving tap that it is furnished with two small sUip- 



cocke, which are fixed on vertical tnbeB near its centre. 
These tubes arc by-pasaea which allow a aniall quantity 
of gas to pass to each bamer, although the lever lias 
shut ofi the main supply. The necessity for this arrange- 
ment is obvious ; without it the lantern not in actual use 
would be tobilly extinguished. In using the blow-through 
form of jet both by-paBHes must be employed, but with 
the mixed ]'et the hydrogen bypass only is necessary. 
The first thing to be done in operating with a double 
lantern is to light the hydrogen in both lanterUB, and to so 
adjust the by-pasa tliat it will admit just enough gas to 
the lantern not in use to give a flame about hiilf an inch 
high. When the blow-through jet is used the correspond- 
ing oxygon tap must be manipulated to furnish just enough 
of that gas to tinge the hydrogen flame. If this precantdoii 
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be not taken, the sndden inflnx of oxygeo to the b a ratt , 
when the dissolving lever is tamed, nill almost inbltiUjr 
janse the flame to snap ont with a sharp cnck. 

The mixed jet is m easily worked as the ta£etj form uid 
— despite the confidence-inspiring name of the latter — i^ 
in my opinion, qnite as safe in carefnl band*. Id aoaoe 
forms of mixed jete pninice-stone chambers, rr«T|i*»rVi 
charged with discs of wiie^nze, and oAfaer 
which are sappoeed to prevent the flame 
throngfa the tnbes, form part of the dengn. I look upon 
;ach contrivances as mere ohetacles to the fn.-e pMM^e of 
the gas ; and, although some of my jeM were odgniallj 
provided with them, I did awaj with them aa qnickly aa 
po^ible. 

The dissolver for a triple lantern is natnrallj mote oom- 
plicated ; bat taps ha-e been devised which are so 
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pattern of very compact form is illnBtrated at fig. 34. In 
this case the bj-passes are governed by taps which are 
adjusted by the operator with a acrew-driver. This Beema 
to be a good arrangement, as there is no chance of 
accidental turning oH or on by a careless touch, as may 
happen when the by-pusa taps are exposed. 




Pra. 34. 

There are one or two methods of manufacturing oxygon 
gaa for the limelight us fast ils it ie used, and although, 
for reasons which I shall presently give, I cannot recom- 
mend anch a procedure, the methods are ingenioua enough 
to warrant notice. In Chadwick's apparatus there is an 
iron gas-holder, which forms the support of the lantern. 
Associated with it is a special form of retort heated by a 
Bunscn burner, and charged with chlorate of potash and 
manganese made up into a cake previously. The operator 
starts with a full gas-holder, and at the end of perhaps 
fifteen minutes, when it is nearly empty, lights the Bnn- 
sen burner, and in a few minutes enough gas is generated 
to fill it once more. The retort is now charged with a 
fresh cake of mixture ready for once more filling the gas- 
holder as it sinks. 
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Another plan was originated some time ago by Mr. 
Beseler, of New York, and published by him in one of the 
American journals. In this case the mixed chemicals are 
plaoed in a metal tube, with a Bunsen burner beneath it. 
As the gas is generated it fills a small gasholder, which 
supplies the lantern. Only one part of the tube at a time 
is subjected to heat, so that when a fresh supply of oxygen 
is wanted, all that is necessary is to shift the Bunsen 
burner to another part of the tube, and the gasholder is 
replenished. This latter plan is more simple than Chad- 
wick's ; but I object to both, unless it be for experimental 
work at home, on two broad grounds. One is, that the 
blow-through jet can only be used in conjunction with 
such an apparatus, and the other is, that a lantern operator 
has quite enough to do in attending to his burners and 
changing the pictures without being burdened with the 
constant anxiety of seeing to the gas supply. 

Of late years much has been heard about the so-called 
ether-oxygen or ethoxo limelight, so called because the 
vapour of sulphuric ether is used in lieu of the ordinary 
hydrogen, or coal-gas. I have tried this light, and, while 
admiring its brilliance, which is quite equal to any form 
of limelight which I have seen, I am very doubtful as to 
its safety. I have no doubt that it can be so ari'anged iis 
to work with safety; but several explosions which have 
occurred with it show very conclusively and unpleasantly 
that that time has not yet arrived. With the tempting 
advantages of extreme portability and brilliant light 
which this or any other system may offer, I hold that it is 
a positive duty to eschew it until it is known by further 

g2 



84 THE BOOK OF THE LANTERN. 

experience to be absolutely innocnous. Some may say, 
** Oh, there is no real danger ; the worst that can happen 
is one of the tubes blowing ofE with a bang ! " But this 
apparently harmless "bang" may cause a panic in a 
public hall, which may lead, possibly, to fatal results. So, 
for the present, at any rate, I shall do without the ether 
light, while, at the same time I shall look forward to its 
gradual perfection with the greatest interest. It is only 
fair to state that this light is much used in America, 
its greatest champion being Mr. Ives, who recently con- 
tributed a paper on the subject to the Franklin Institute. 
Mr. Ives is such a good worker that his words carry weight 
with them. I quote the following remarks from his 
paper : — 

" Notwithstanding the great success of this means for 
producing the limelight, and the important advantages 
which it offers, I have always recognised in it certain 
minor faults, which I hoped to overcome in course of time, 
and my object in preparing this paper has been to call 
attention to some recent improvements I have made, which 
I believe will greatly extend the use of the light, and 
increase its popularity. The first improvement is in the 
construction of the saturator, which is reduced in size, yet 
increased in effectiveness. The second is in the use of 
petroleum ether (rhigolene), which gives the same light as 
sulphuric ether, but vaporises at a lower temperature, costs 
much less, and contains neither alcohol nor water to accu- 
mulate in the saturator. 

"My improved saturator is in the form of a single 
metallic tube, 2 inches in diameter and 13 inches long. 
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with a handle at the middle and a st4:»p-cock projecting up- 
ward at each end. A neck, like tliat of a bottle, project* 
from the screw cap at the end, and is closed with a cork 
for convenience in filling. The passage for oxygen is over 
20 inches long, in the form of a zig-zag chxinnel throui:]i 
the npper surface of the roll of pon»us materisil, and 
secnres complete saturation of the gas witli vajjtjur. The 
saturator can be filled from a bottle in one minute, and is 
ready for use at once, or may be kept filled for any length 
of time. Petroleum ether costs only thirty ceuts a jjound, 
which is less than half the price of sulphuric ether ; it also 
Taporises at a lower temperature, so that the light can be 
used successfully even in a very cold room, and it hag 
other advantages. It will supply a pair of lanterns con- 
nected by dissolving key, for two hours continuously. It 
should be stored in a cool place and kept tightly corked. 
It is also necessary, when using it with oxygen from a 
cylinder, to use a valve that can be opened very slowly, 
because a very small amount of oxygen passing the satu- 
rator will produce a very large flame at the jet. The 
Shaw valve, manufactured by Mr. Shaw, a member of this 
Institute, fulfils the requirements, and is already Lir^ely 
used in this city. Some special instruction for the manage- 
ment of the light in hot weather may also be called for. 

"In conclusion, I give it as my opinion tliat this im- 
proved means for supplying the hydrogen element is so 
much simpler and more convenient than any other, tliat it 
cannot fail to entirely supersede the use of hydrogen and 
coal-gas, when its merits shall have become generally 
known and appreciated.'' 




lli wfti N DEB, this head comes the sheet, hung in 
|aBBg| the required position by supporting corda, and 
Bcrcena fixed on built-up frames. 
First, aa to the simple shoot. A badly-hung sheet la 
an abomiuatioa. It should bo so hang that there is a cer- 
tain pull upon it from the centre to the edges all round, 
and this may he brought aboat by following the directiouM 
now given. The sheet may be made of either linen 
or cotton. I prefer the latter, becftusc it ia cheaper, and 
more opaque, and we shall presoutly see that opacity car- 
ries with it certain advant^^es. If the sheet ia of such a 
size that it raust ba joined (that ia to say, if it be more 
than about 10 foet square), the necessary seams should lie 
horizontally, not vertically. A sheet in which the seams 
are vertical, ia liable to hang in (estoou-like folds ; but if the 
seama be horizontal, it will hang straight, so long as its top 
edge is properly secured. The sheet should have along 
this edge ft broad hem, in which ia mu a strong cord. 
This cord should bo firmly fastened to the comers of the 
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sheet, and in snch a way that when it is stretched, the 
material of which the sheet is made will not pucker. At each 
end of this cord there should be a loop made by doubling 
it over, and wrapping it round with waxed thread. 
Along each side of the sheet should be placed, at intervals 
of about eighteen inches, galvanized iron rings, or brass 
curtain rings will answer the purpose. The bottom of the 
sheet may be left free. 

A screen of this description wiU require no fittings to 
hang it in position, beyond a couple of screw-eyes placed 
so far apart that the sheet will easily go between them ; 
and which should be inserted in the cornice or roof of the 
exhibition-room, with two more eyes placed immediately 
underneath the top ones, and screwed into the floor. Next 
are required two strong but thin cords ; and it is best at 
the outset to procure these of the best quality possible, for 
upon their strength the sheet entirely depends. Each cord 
should be fitted at one end with a swivel and clip like that 
upon a dog^s chain. 

Having made these preparations the hanging of even a 
hkrge sheet will be comparatively easy. First, let the cords 
be run through the fixed screw-eyes in the roof or upper 
part of the wall ; one cord through each eye, and so inserted 
that the clips on the cords are inside, — i.e., facing each 
other. Next clip the sheet to the cords by the loops pro- 
vided at the top corners, as already described. The sheet 
can now be pulled up bodily, — ^preferably by two persons, 
one at each cord. Next place the free ends of the cords 
through the screw-eyes in the floor, and stretching the sheet 
as tightly as possible, secure each by a simple knot. 
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We shall now see the advantage of the eyolet-liolafll 
rings at tho eideB of the sheet. Fastening a piece of 
string to the top ejelet-hole at one aide, — and this is better 
done before the sheet is puUed into position,— allow that 
Htring to embrace the supporting cord, next let it pass 
tlirongh the nearest eyelet-hole, then again ronnd the cord, 
and so on antil the bottom oE the sheet is reached. By this 
lacing method the sheet can be rendered almost as 0at as a 
board, and presents the best possible kind of surface so far 
as a sheet can give it for showing lantern pictures well. 

Some little judgment moat be exercised as to the best 
position for the upper screw-eyea. Of course, in practice, 
difficulties are apt fo occur. The beat position may be one 
which the ladder available will not reach. Again, it is 
often the case that screw-eyes nmy be found already 
in position, and the ownoi's of public halls have a righteous 




objection to holes being made, oven to the tiny ones 
necessary for fresh screw-eyea. In such a case the 
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ezliibitor mnst content himself with existing 
But supposing that he has a free will in the • matter, he 
mnst exercise his judgment with regard to the size of the 
hall, and the best position for hangiTig a sheet. For in- 
stance, in a hall with a pointed roof, the position A (see 
figure 35) would be preferable to position B. In some 
halls, again, the walls may be so fs^ apart that the sheet 
will, when hung in the manner described, drop consider- 
ably bj its own weight, so that, although the screw-eyes 
may be 20 feet from the ground, the top edge of the sheet 
will be only 14 or 15 feet above the floor. The best 
way of obviating this is by the use of two wooden stmtey 
or supports, placed as shown in fignie 36. In thig dia- 






Fig. 36. 

gram the dotted lines indicate the position which the sheet 
would occupy without this help. 

The material of which the screen or sheet is made is of 
fax more importance than would be thought by an inexperi- 
enced worker. A careful artist knows that a good picture 
cannot be produced on crumpled or dirty paper ; and the 
lantern exhibitor should be quite as careful to provide for 
his pictures an unblemished and even surface. Un- 
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doubtedly the beat thing of all is a simple white-wasbed 
wall, Why should this be so 7 Let me endeavour hi 
explain the miitti?r iu a few words. 

Suppose thiit we go behiad aa ordinary linen or cotton 
sheet, while lantern pictures are being thrown in Ei-ont and 
upon it. We not only see the picture distinctly through 
the sheet, but there is enough light round about us to anuble 
small print to be read with eaae, At least auch is the case 
with the lime-light, and in a minor degree with the oil 
lantern. Kow all this light means go much deducted from 
the light aTaikble from the lantern, and which, therefore, 
is completely lost to the spoct^itors in front. From an 
opaqDewull,on the other hand, thelight is nearly all reflected 
to the spectators' eyes ; and although no doubt some must 
be absorbed, wo know that nona is itctuiilly transmitted 
tiiroogh the screen, and utterly wasted, as in the case of a 
semi-opaque sheet. We might compare the two cases, to a 
vessel of water with a porons bottom, which will, of course, 
allow a large portion of tlie liquid to dribble through iind 
be lost; as against a vessel with a solid bottom which will 
hold water without any wasteful transmission. But x 
white-washed wall ia not often met with in a lectnre-h;ill, 
and the best substitute is a canvas sheet rendered op!i.qne 
with nhite-wiLsh. Such a sheet is portable up to a certain 
size J and if intended for use as a fixture in any one hall, 
can be made up to any size, witliin reasonable liraiti. 
Witness the scenes on rollers at onr large theiitres and opera 
houses, the basis of which is simply whitened canvas. Such 
a plan was adopted at the latePolytechnic Institution, where 
the screen measured no less than 26 feet acrosfl. 
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There is a further advantage connected with using a 
sheet of this description, which is that when, not in actaal 
nse it can be rolled np, and will keep perfectly clean for 
many years. When soiled, a fresh coat of white-wash can 
be given to it with little trouble and expense. For home 
use a screen of this nature is to be greatly recommended. 
Let me now describe the method by which such a surface 
can be prepared, and the best way of hanging it in position. 
The following detailed directions are quoted from an article 
upon the subject whicli I wrote some time back : — 

Having decided upon the dimensions of the screen, 
which, of course, must be governed by the size of the 
room in which it is to be hung, we must first of all have a 
frame made upon which the material can be stretched 
whilst being painted. Any kind of close-textured material 
will answer our purpose, good unbleached calico being as 
suitable as anything else. The frame should be strong, 
for as soon as the sheet is wetted it shrinks, and is apt to 
pull an ill-constructed frame all aslcew. The calico, — if 
Coined, should be neatly sewn, — and so tacked on the frame 
that the seam or seams will lie horizontally. The sheet 
must be nailed on the frame with tacks, and this appa- 
rently simple work must be done in a certain way, or 
it will be pulled into creases. The four comers must 
be first secured, and afterwards the sides may be nailed 
down, one side being completely nailed before another is 
begun. By this means the sheet will, when done, present 
one even surface. This done, it must receive a coat- 
ing of size. The best double size should be used, and 
should be melted in a suitable vessel with its own weight 
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of water, Tlio size while on t!ie fire atonld bo watohed 
and occasiouLiIly fitirred, but sliould not bo allowed to boil. 
When melted, tliiu size is well bi-ushed into the calico, and 
allowed to dcy. It will ttiuii bo ready to receive its 
coating of white paint. Tliia conaists of whiting which 
I'.aa been soaked in water until it assumea the appoaribnce 
of thick white nmd. To this strong molted size must be 
added until the mixture is of the consistence of cream. 
It can be left now for some houi^ antil it has become 
perfectly cold. At the end of that time it should have 
the appearance of very wo^ik jelly, — a jully which can be 
enBily broken up by the paint brush. 

The frame being placed upright and properly secnred, 
the workman commencea at the tep, working the well- 
charged brush up and dowa, and then horizontiilly, so as 
to avoid leaving any lines upon the surface, nntil it is all 
covered. If the Bheet be unusually rough in texture, it 
will benefit by another coat when the first is dry. 

When this painting operation is finished the naila must 
be drawn from the frame, and the sheet mnat be tacked 
on to a roller. Tbia roller may be hung like a window- 
blind at the top of the room, and governed by a cord in 
the familiar manner. But if it is of largo bikc, — say 12 
feet across or more, — the roller ia best placed at the bottom 
of the sheet, and made to roll up by cords upon its pro- 
jecting ends, and pulleys above like the drop scene at a 
theatre. 

It has often stmck me as a deplorable oversight that 
halls where lantern lectures are of constant occurrence, 
are not fitted with permanent roll-up screens of this kind. 
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I know most of the lecture halls in the kingdom, but I am 
not aware of a single one where this arrangement exists. 
The lecturer who visits these places is responsible for 
bringing his own screen, and his assistant must fit it up, 
an operation which is sometimes, — owing to the structure 
of the hall, — ^very troublesome and difficult. A permanent 
rolled-np screen would obviate all this difficulty, and would 
add greatly, for the reasons already given, to the success of 
the exhibition. I can only suppose that this is one of those 
matters which comes under the head of everybody's 
business, and therefore nobody attends to it, or seeks to 
remedy what I feel is a mistake. 

We will next consider the method of hanging a sheet on 
a portable frame. Some lecturers adopt this plan, and if 
they are not afraid of adding to their luggage a huge 
bundle of sticks, they certainly have the advantage of 
being independent of ladders, staples, and all the thing* 
necessary for hanging a sheet in the ordinary way. There 
are several descriptions of frames made for this purpose, 
which are sold by dealers; some are good, and some 
are very much the reverse, giving much more trouble 
than they are worth. Perhaps the best form of frame is 
that which is jnafie of round pine sticks, about 4 or 5 feet 
long, like broom-sticks, and which fit to one another, — 
fishing-rod fashion, — by means of brass sockets. The 
comers of the frame are represented by sockets mitred, and 
brazed together, see fig. 37. Such a frame as this ie easily 
put up. First of all the top pieces are socketed together, 
and furnished with their comer pieces and one length of 
the wooden rods. The side pieces a>e next placed in their 
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proper sockets, and the top portion of the sheet is tied on by 
tupes. It is reared up a little higher by the oddition of two 
more side pieces ; and as this building-up gradoall; goes on 
the Bides of the sheet are secured by tapes to tbe frame. ! 




me.^^— 



Ky. 37. 



I 



bottom pieces are finally attached and the frame is com< 
plete. If there is room enough this operation o( monnting 
the eheet on its frame is best perfornied when both are 
lying flat on the floor, otherwise it must be done by 
grEidually building up the frame while it ia in a vertical 
position. At each top comer should be fastened guy 
ropes, and these can be secured to staples screwed into 
the floor. 

One advantage of a frame of the above description is 
that, when, from the nature of the hall, it must be erected 
on a platform at a higher level than that of tbe lantern, 
the whole screen can be made to incline forwards, so as 
to bring its surface square with the lens. With a strictly 
vertical sheet the picture would, under such circnmstances, 
be throwa out of shape and out of focus. 

Whatever wood may be chosen fo> the material of the 
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fmne, it should be strong; for if the sheet is tightly- 
stretched, as it ought to be, there will be a very heavy 
strain npon its support. Perhaps the best wood for the 
purpose is bamboo, which combines the qualities of 
extreme lightness with great strength. I believe that 
bamboo frames can now be obtained commercially. 

The rule for finding the correct distance between lantern 
and sheet is to add one to the number of times enlargement 
required, and multiply by the equivalent focus of the lens 
used. If, for instance, a slide measures 3 inches, and it is 
desired to cover a screen 10 feet across, the scale of 
enlargement is 40 times : and 41 times the equivalent 
focus of the lens gives the required distance between lens 
and screen. 

In order to find the equivalent focus of a lens, it is con- 
venient, in the absence of special apparatus, to proceed as 
follows: — Focus upon a white surface an image of the 
Sun or other distant object, taking care to place the lens 
axis as nearly as possible in line with the object, and 
perpendicular to the surface receiving the image. When 
the image is sharply focussed, measure carefully the dis- 
tance between it and the nearest surface of the lens. 
Repeat this operation with the lens reversed, and measure 
the distance to the same surface as before ; in this caae, 
the surface furthest away. The average of the two 
measurements thus obtained is approximately the 
equivalent focus of the lens. 

I am indebted to Mr, Taylor, of Leicester, for the fol- 
lowing useful table : — 
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Table of Distances between Lens and Screen for 
VARIOUS Scales of Enlargement, and with Lenses of 
various equivalent focal Length, 
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CHAPTER Vn. 

tHB PREPARATION OP LANTERN SLIDES, DIAGRAMS, ETC., 
WITHOUT THE AID OP PHOTOGRAPHY. 




EFORE it became possible to use photography in 
conjunction with the lantern, what are called 
hand-painted slides had to be depended npon, 
fop they were the sole pictures that could be obtained. 
In those days it was common to use a very much 
larger picture for the lantern than at present. Those 
pictures which delighted one or two generations of sight- 
seers at the old Polytechnic, measured about eight inches 
by five. Some of these pictures were most elaborate works 
of art ; so much so, that at the sale of the belongings of 
the Polytechnic in 1881, when the Institution as a place of 
entertainment was broken up, many of these slides real- 
ised as much as fifty shillings each. It is to be feared that 
such hand-painting on glass is now almost a lost art, for 
people will not pay the price which would remunerate a 
competent artist, when they can obtain a more perfect 
representation, — as to form at least, — ^by means of a photo- 
graph. The slide-painter of those days used to work both 
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in water colotir and in oil colour, sometimes, I believe, 
combining tbe two methods in one picture ; and his first 
proceeding was to draw the outline on the glass, in black 
pigment, with a very fine brush. Those who do not wish 
to dabble in photography, and who have some artistic taste 
may still adopt the same plan, and they will find that with 
a little practice they will be able to draw with a fine brush 
and with a suitable pigment, as finely as they can on paper 
with a pen. The Japanese artists, — I may mention, — do all 
their work, and even their writing, with a brush, and we 
all know their pictures are not to be despised. It will 
be found that such an outline is easier to produce if the 
glass be first covered with a layer of varnish. Some use 
a weak solution of gelatine in water, to give the glass the 
necessary surface for taking the pigment. A solution of 
sugar has also been recommended for the same purpose. 
A still easier plan of producing diagrams of line drawings 
without the aid of photography is to use sheet gelatine, 
which is sold for the purpose. This gelatine is placed over 
the engraving or other design which it is wished to copy ; 
and the lines are traced with a sharp point, such as an 
etching-needle. Fine black lead is then rubbed over the 
surface with the top of the finger, with the result that the 
black powder lodges in the scratches, but does not adhere 
to the smooth surface. This plan I look upon merely as a 
makeshift ; but I mention it for what it is worth. 

A metliod by which far better results can be obtained 
was published some years ago by the Rev. Dr. Dallinger, 
the eminent microscopist, who has for a long time used 
slides produced in the way he describes. His plan is 
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briefly tliis. He works with a hard pencil on a piece of 
very finely-ground glbss ; afterwards filling in the outlines 
thus made with water colours, and applying a coat of Tar- 
nish so as te give the necessary transparency to the picture. 
This method he brought before the Royal Microscopical 
Society, and the following extract from his paper describes 
the matter so clearly that all will be able to follow his 
directions : — 

" Most working microscopists have felt the necessity, in 
reading papers on their work, of accurate illustration. 
These enlarged drawings fail in matter of detinl, unless 
extravagant labour is expended, and considenible skill 
employed. Even then the light of an ordinary 'lecture 
hall is not enough to enable the most distant of the 
audience to see them. It is only by means of the limelight 
and transparencies that really useful illustrations can be 
given. But here the difl&culty is to prepare them accu- 
rately and inexpensively. Photography cannot be employed 
in all cases ; and even where it can be, it involves more 
labour than most microscopists can afford. Drawing and 
painting on glass in the usual method is an art that it takes 
years to learn ; and to employ one who has learned it to 
draw from nature a highly-magnified object, would be to 
introduce unnumbered errors of interpretation, unless our 
artist be a microscopist himself. 

" I obviate all these difficulties by the following method : 
On finely-ground glass, drawing with a black lead pencil 
is as easy as drawing on London board. I get four inch 
squares of glass to suit my lantern, carefully ground on 
one side like the focussing glass of a camera. Now with 
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the ground side up, the cftiiici-u, lucida mny bo used with 
this in well !ifi with drawing-board, if a piece of white 
paper be placed beneatb it, and the object drawn iu the 
usual way. For outlining and delicate shading I employ 
H H H H Uiud HUH pencils ; for deep shudowa I use 
H B. By a very delicate employment erf the pencil, 
shadows softer than can be secured by lithography may be 
miidc. The camera lucida, of coarse, is not necessary ; we 
may dntw with the eye and hand alone. If it be necessary 
to pnt on colonr it mny be done cleanly and carefully oyer 
the shading; thus one layer of colonr suffices. Now of 
course, althongh we have ft perfect drawing of the object, 
with all the detail accnrstely given, it is not a transpareooy. 
But we can easily make it one Thin some good pale Canada 
balsam with benzine to about the consistence of eream; 
and simply float it over the ground surface of your gluss, 
pour off till the drop comes very sluggislily. Then reverse 
the ghiss so that the corner from which the baisam was 
flowing off be placed upward. Let the return flow reach 
about the middle, then reverse it again, and move it in 
seyeral directions to get the balsam level. This may be 
done with very little primtice so that the surface shall be 
undistingniahable from glass. We have now a perfect 
transparency. All that is required is twenty four hours 
for hardening (keeping the glass level) and then another 
square of glass fastened on to it by strips of paper at the 
edges, with small pieces of card at the comers to prevent 
contact, and it makes an admirable lantern transparency. 

"For obtiiningvoryfinepointstomy very hard leads, after 
cutting them very long and even, and grinding them on 
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glass paper, I finish them on a sql^jaie of the finest ground 
glass, and with this beside one -in making a delicate 
drawing, a good, fine working point ma^ be kept a long 
while." «^-', 

There is sometimes a diflBcnlty in procuring ground-glass 
fine enough for this purpose, and I therefore advise those 
who feel inclined to try this method of producmg .la;ntem- 
slides to prepare the glass themselves ; which is sdifB^at 
tedious, but by no means difficult. Or should they *pi*efer 
it, they can purchase the glass at certain photographift 
warehouses, where it is sold for focussing purposes in thfe 
camera ; but it is rather expensive. The following direc- 
tions will enable any one to grind the glass for himself : — 

First of all, obtain a piece of glass which is both flat and 
perfectly free from bubbles and other flaws. Be careful, 
too, to cut it to the correct size at this stage of the proceed- 
ings, so as to avoid all risk of mistake in this direction 
after it has been ground. The glass is now fixed on a 
table or board by means of four pieces of wood, nailed on 
the board or table so as to clip its four sides. These 
wooden pieces must not be thicker than the glass itself. 
Now procure a piece of plate-glass measuring about three 
inches square, to act as a grinder. Failing this, a piece of 
ordinary sheet-glass can be employed ; but, as it will not be 
thick enough to afford a proper hold for the fingers, it 
should have attached to it a pneumatic india-rubber plate- 
holder to serve as a handle. 

Now take some flour emery and mix it into a thin cream 
with water. Put some of this on the glass, which you have 
fixftd to the table, and place the grinder above it ; rub the 
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liittei' over the former'wjHi a steady tiircalar motion, taking 
care to cover eTerj'.parfc in torn. Tiiia ruliiiing should 
be continued fot. abont ten niinntcB, adding water if the 
two surfaces, eaem inclined to stiok together too much, and 
OCCaaioniilly ocMecting with a knife-blnde the mud which 
oozea ouVJaetween them, and jiutting it ooee more in the 
centre'"'jji' the under gLiss. At the end of the time 
nalcjra-the ginsa can be lifted from the table, held under 
.Jhe'&p for a few seconds so as to clein it, and cara- 
., 5dlly examined by ti'unsmitted light. It will most probably 
'. iihow a fine grain, except in cerfaiin parts, which remain 
cleikr as before. These clear portions are depressions in 
the surface of the gliisa, which the emery has failed to 
reiwih. The grinding operation must be repeated .ia before 
nntil on esaminntion these clear places have diaiippeared. 

It has occurred to me that Dr. Dallinger's system of 
producing lantern- slides mi^^'lit be modified with advanfaige 
in the following manner. Coat the glass with varnish 
widch dries with a mat surface, and practically gives the 
same efEect a.s groiind-glaas itself. There are several 
recipes for such varnish, which is used by photographers for 
retouching purposes. Here is one which will be found 
effectual, 

Groand-Gltisa Varnigh, 

Sandarac ... ... ... 90 grains. 

Mastic 20 „ 

Ether 2 oz. 

Benzole Jtoljoz. 

The proportion of benzole added detei-mines the nature of 
the mat obtained. 
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The Tarnish is Bimply flowed over the glaaa and allowed 
to dry cold, which it will do in a very few minates. 
After it is thoronghly hardened it can be drawn npon 
with a pencil in the way described, and can then bo 
coloured with water colours tempered with os-gall, as 
pointed out. We can now make the picture transparent by 
the addition of another varnish, which must be of such a 
composition that it will not dissolve or in any way act upon 
the surface already laid upon the glass. Snch a varnish 
would be represented by one not containing benzine as a 
solvent for its gnms. I have not tried this method myself , 
and so cannot speak from experience ; but I do not see any 
reason why it should not succeed. 
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I'ANTERN slides made by the wet prooeBS are 
certainly easier to produce thaa those made by 
any dry method. It is a matter of opinion 
whether these are better in quality than their rivals on 
gelatine, &c,, and I know that many bolieva that a far 
better effect is producible upoa a wot plate than upon a 
dry plate. I myself am of the contmry opinion ; but still, 
as there may be many who may be inclined to try the old 
collodion method, my work would be incomplete if I did 
not give directions by which such slides can be produced. 

If the negatives are of the same size as the lantern 
plate ; that ia to say, if they consist of qnai-ter plate nega- 
tives, they must bo reproduced by contact ; and actual 
contact with a wet collodion film is of course out of the 
fliiestion. 

There ia a method by which this difBcnlty can be ob- 
yiated. Attach to the nugiitive a couple of strips of note 
paper, 3^ inches apart ; the collodion film can then rest 
against these paper supporta by two of its edges during 
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the necessary exposure; bnt in this case care must be 
taken that the plate is thoroughly well drained, for a drop 
of the silver bath solution, if allowed to get into actual 
contact with the negative, will inevitably spoil it. 

But those who advocate the wet process for lantern- 
slide work nearly always work from larger negatives 
with the camera, and by following the directions now 
given it will be found that very good results can be 
obtained. 

Place the negative to be copied in a suitable frame 
against the window. This can be done by fixing an ordi- 
nary printing frame (with the spring removed) against 
the glass, and by covering up the rest of the window- 
panes with brown paper, or some other opaque material. 
Then support the camera on a stand or table, exactly op- 
posite the negative, taking care that it is square with the 
negative and carefully focus the image on the ground glass. 
A focussing glass is a very great help in this work, for the 
image is often so dimly illuminated that it is diflBcult to 
ascertain whether it is suflBciently sharp or not. With 
regard to exposure, it is very difficult, in fact impossible, to 
lay down any hard-and-fast line. I can only say that 
with a negative of normal density and with a favourable 
light, the exposure should be about one minute ; but it is 
of course governed by the type of lens used, and the par- 
ticular stop employed with that lens. With a portable 
symmetrical of 6 -inch focus and using No. 4 stop, the 
exposure with a normal negative will be about that which 
I have indicated. 

But the great thing which ensures success in this process 
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is to nse a proper desreloper and & bath which is in the 
right condition. This bath should be an old one; that ia 
to B»y, not a newly mixed one,— one, in fiwjt, which wonld 
give very hard reBulta fur ordinary portraiture. 

It should have a (mall qimntity of nitrate of barybi 
mixed io it, say 3 gruins to the ounce of bath. 

Develop with Hulphate of iron sat. boI. ... 4 oz. 
Methylated apirit 4 oz. 

Add these to a Winchester quart of distilled or rain 
water; and allow it to sbmd in the light for some hours, 
next filter it into a clean bottle, and iidd 4 drops of 
oolocine. 

Juat before using this developer add to it one di-op of 
acetic acid per ounce. This addition ensures a very fine 
deposit, without it the deposit may be gnraular. Thc- 
exposure should be so regulated that no subsequent intensi- 
fioatiou is required, but if an error of judgment should be 
made the image can be streugtliened by adding a drop of 
the silvep Ixith to a little of the developer and flowing 
it over the plate. The gliise used should be the 
beat, and quite free from flaws of any kind. "Flatted 
Crown " answers this description. It should be care- 
fully cleaned and albumen ised. The albumen should 
be flowed over one side of the glass only, and it should 
consist of the white of one ^g to a pint of w^ter, with 
the addition of one drop of carbolic acid. 

-A quantity of broken glass should be placed in this 
bottle and the whole shaken up into froth, left to settle and 
then filtered through cotton wool. Aa the plates ai-e coated 
with this alhumeu mixture, they should be reai'ud up to 
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drain, and dry spontaneously on a slip of blotting paper. 
The best collodion to nse is "Mawson's Negative Col- 
lodion." The plates should be fixed in hypo of the usual 
strength, and should the image appear to be " dirty " it 
can be rendered clear by being washed over with a solution 
of iodine and iodide of potassium. 

After fixation and after the plates have been thoroughly 
washed, they may^ be toned in a solution of chloride of 
platinum, — one grain to 4 ounces of water, and they 
should remain in this solution until the deposit is darkened 
throughout. 

Beginners very often fail in getting a good tone from 
platinum, and . complain that instead of darkening the 
image the salt has the opposite effect. They are recom- 
mended in some formulae to add nitric acid to the toning 
bath, but this is useless unless the platinum salt be 
neutralised in the first instance. The proper mode of 
procedure is to break the tube containing the platinum 
crystals (this chemical, like chloride of gold, is on account 
of itd deliquescent property always sold in an hermetically 
sealed glass tube) into a certain quantity of distilled water. 
A convenient plan is to break a tube containing 15 grains 
into 15 drachms of distilled water: one drachm of the 
liquid will then represent one grain of platinum chloride. 
Test this liquid before use with litmus paper: if it show by 
the paper turning red that it is acid, we may be quite sure 
that it contains free hydrochloric acid, which will have a 
bleaching effect upon the photographic image. The liquid 
must therefore be neutralised by the addition of a few 
grains of carbonate of soda, after which it must be 
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lendered suffi'ieotly acid with nilrie acid to slightly redden 
litmus |»per. If the operator is carefal to follow these 
directions he will have no difficnlty in toning his trans- 
parenciea with plutinum. 

We inay snnimariae the order of operations as follows : 
Albnineirise the glass- 
Dry. 

Coat with collodion. 
Sensitise in silver batli. 
Expose. 

Fix in hypo. 
• Wash. 

Clean with iodide solution if necessarj. 

Tone with platinum, 

Wftsh. 

Dry. 
The operations conclude with giving' the film a coat of 
transparent varnish. Any good vtirnish may be used, bnt 
care must be taken if the slides ai-e to be snbsequently 
colonred, tli^t some varnish upon which turpentine has no 
action be employed ; otherwise the turpentine nsed in 
colouring fvill most surely mingle with the Tarnish and 
min the pictare. 

It is hardly necessary to add that the operations of seni 
sitiaing, developing, and fixing the plate mnst be conducted 
in a non-actinic (red) light, and that all precautious usually 
taken in dealing with photographic chemicals must be 
observed. The directions are written for those who hare 
already mastered the details of such work. 




CHAPTER IX. 

LAKTERN SLIDES OS DRY PLATES. 

HERE are many dry collodion methods which 
were originally designed for ordinary nega- 
tive work in the camera, but which have 
long ago been superseded by the far quicker and 
more certain gelatine process. Some of these plates, 
however, although they have been discarded for the 
main purpose of photography, are still used by many 
workers for the manufacture of lantern- plates where great 
speed is a matter of secondary importance. 

For many of these processes the silver bath is stiil 
required, the plate after being sensitised therein, being 
flowed over with some preservative solution, the function 
of which is to keep the pores of the collodion film in such 
a condition that it will not dry into a horny state, im- 
permeable to any developer which may later on be 
applied to it. As full particulars of these processes can 
be found in most photographic text-books, I shall content 
myself with giving here only a brief suryey of them, 
reserving details of working for the more modern methods 
of producing lantern-slides on gelatine plates* 
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Many of ttese old processea differ only in the kind of 
preservative fluid apjJiud to them, and from the nature 
of this preRervative they nsuaily are named. Thua we 
have the Tanuin procesa, the Honey process, the Cuffee 
process, &a. Taking the flrat named, let me cite it as an 
eiample of the others. 

The glass-plate which is to bear the picture is first of nil 
carefully cleaned. It is then edged with india-mbber 
solution, albumen, or some other body which will prevent 
the film from slipping off the glass during subsequent 
operations. Next it is cofited with ordinary negative 
collodion, to which two grains per ounce of bromide of 
cadmium may be advaiifageously added. It should now 
be dipped in a silver bath which baa been made distinctly 
acid, by the addition of a few drops of nitric acid. After 
thoB senflitising the plate, it must be well washed to remove 
ftll free silver, after which the preservative is applied, — 

Tannin ... .,, 35 graina. 

Distilled water ... 4 ounces. 

After the plates are dry they are ready for uae, but will 
only remain gi^od for a week or two. 

In another process which giyoa good results coffee is used 
as the preservative. lu this case the bath can be miide 
very acid, by the addition of one-fifth of its volume of 
glacial acetic acid. The plat« is edged, and sensitised in 
the bath, and is then flowed over with an infusion of 
ground coffee. After drying, these plates will keep for 
some months, and will give fine i-esulta. The development 
is bronght about by a plain solution of pyrogallic acid. 
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say two grains to the ounce of water, and is afterwards 
strengthened by citric acid and silver. 

A far greater importance is attached to the next method 
under disscussion, by which the very finest results can be 
obtained; but it requires, at every stage of the process, 
such great care that few in these days care to take it up. 
Still it has a commercial importance, and is known as the 
Albumen process. Here is a sketch of the operations in- 
volved in it. 

After the plate of glass has been rendered chemically 
clean it is coated with a film of albumen from fresh eggs, 
to which has been added some iodide and bromide of 
potassium. The plate is then inverted on its pneumatic 
holder, and revolved by means of a vertical cord attached 
to the bottom of that holder, so that by centrifugal force 
some of the albumenous coating is scattered, leaving the 
thinnest possible film on the glass. The plate is then 
dried, — as yet insensitive to light. Next it is immersed 
in an acid silver bath for about three minutes, and after 
washing with several changes of water, a preservative 
consisting of a saturated solution of gallic acid, is applied 
to it. Drying by gentle heat completes the manufacture 
of this form of plate. The development is brought about 
by a saturated solution of gallic acid, to which has been 
added a few drops of silver nitrate. 

COLLODIO-BROMIDE PROCESS. 

We will now give our attention to the beautiful 
Collodio-bromide process, a brief description of which is 
only necessary, for the collodion emulsion for the im- 
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tnedir.te coating of the platos can be bought ready made, 
with full instructions for codting ftnd derelopment. 

This r.ethod yields roanlts which cannot easily be beaten. 
It waa introduced about twenty years r.go by Meaara, 
Bolton & Sayco, and a number of good workera have 
since ttiken it up successfully. As its name implies, a 
collodion is employed containing bromide of silver, and 
although many might be deterred from attempting it, from 
the fancied difficulties which it presents ; yet, in practice 
it is by no means » complicnted process to work. It hos 
cerbiinly a great many advantoges. When the sensitised 
collodion is once compounded it will keep for a long time. 
Plates can be coated with it — a dozen at a time if required 
— and lifter being dried by artificial boat are ready for 
immediate use. When the printing from the neg'ative has 
been performed, these plates, after development and a 
minute's washing, can be dried, and the elides are finished 
and ready for the lantern. 

A plain coUndinn is first of all made with high tempera- 
ture Pyroxylino, nnd the usual solvents, ether and alcohol 
To this is added ammonium-broraide and citric acid. Tlie 
silver is now dissolved in as little water ss possible, and ia 
added to the bromisod collodion. The emulsion is then set 
aside to ripen for some hours, ia poured out into s dish for 
the solvents to evaporate, and ia then broken np into small 
pieces and wnshed in several changes of water, so as to get 
rid of the soluble ealta which are not required. All these 
operationa are, of course, condui^ted in non-actinic light 
Wlien these pieces have been finally drained as closely sa 
possible, they are once more dissolved in the requisite pro- 
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portions of ether and alcohol, and, after filtering, the re- 
constructed emulsion is ready for coating the plates. They 
can be developed by a weak alkaline developer with pyro, 
or by the ferrous-oxalate method, which will be described 
later on, Mr. W. Brooks, of Reigate, has made a study 
of this process, and supplies the emulsion ready made. 
Messrs, Mawson and Swan have also lately advertised it, 
so that it is hardly worth while for the worker to make it 
for himself, 

WOODBURYTTPE PROCESS. 

This method yields results which cannot be sur- 
passed, but it may be looked upon more as a com- 
mercial process than one suited to the amateur worker, 
for it necessitates the use of expensive plant. I shall 
therefore dismiss it with a somewhat brief description, 
albeit my chapters on slide-making would hardly be com- 
plete without it. In the first place a relief is obtained by 
employing gelatine, containing one of the bichromates of 
the alkalies — bichromate of potnsh, for instance. This 
relief is placed upon a sheet of lead, and after the two 
have been fixed in a steel frame, they are submitted to 
hydraulic pressure, with the curious result that the tender 
gelatine film preserves its delicate outlines, but the leaden 
plate gives way, and these markings are pressed into it. 
This leaden plate then forms a mould of the future picture, 
its deepest parts representing the shades of that picture, 
and its higher parts the lights. This is placed in a special 
press, and a pool of gelatinous ink (made by dissolving any 
suitable pigment in a warm solution of gelatine and water) 
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is ponred upon the mould. The Bqnare of glasH which is 
to bear the pictora is placed on this pool of ink, and the 
pvesH ia lightly bronght down upon all. The slide ia left 
thus until the gelatine haa had time to set, when the 
glnsa is lifted from the mould, and the picture in all its 
delicate details is left upon it. This heauliful process, 
which may be looked upon as the most perfect of all the 
mechanical photographic proceases, was due to the genius 
of the late Mr. Woodbury, who, shortly before his limieuted 
death, modi&ed it so that it might be practised by ama- 

This modification is known as the Stannotype p-o- 
cess, tinfoil being employed as a substitute for the work of 
the hydraulic press. The gelatine relief is attached to a 
plate of glass by a suitable cement, Its surface is then 
coated with iadia-rubber cement, and a sheet of ordinary 
tinfoil is [ilaced above it. The whole arrangement is now 
passed between a couple of india-rubber rollers, such as 
are attached to a domestic wringing-machine, so tlsit the 
tinfoil is forced into the interstices of the picture. We 
thus obtain a metallic-faced mould without the interven- 
tion of the hydraulic press, and this mould is afterwards 
treated with warm gelatinous ink, and prints taken off, aa 
in the Woodburjtype process. In the latter process, how- 
ever, a negative is employed to give the necessary relief, 
and in the Stannotype a piiBitive. Both of these methods 
give the best results for pictures where there ia not a large 
expanse of sky, or other high light ; for in such a case 
& slight deposit of the pigmented gelatine is likely to spoil 
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the transparency of such lights, and in a good lantern slide 
they should be represented by clear glass, 

TRANSPARENCIES ON COMMERCIAL GELATINE PLATES. 

For some inscrutable reason, it used to be the common 
opinion among those who ought to know something about 
the matter, that the gelatine process is unsuitable for lan- 
tern transparencies. The introduction lately of gelatine 
lantern plates into the market has done much to correct 
this error ; but still there are numerous persons who hold 
to the belief that the ordinary gelatine plate, such as is 
used for negative work, will not produce a good trans- 
parency. For years I have proved the contrary, and with 
regard to the quality of the transparencies produced, I have 
seen few to equal them. 

The first operator who turned out successful work of this 
character was Mr. Kennett, who has the greater honour 
of being the first to make gelatine plates a marketable 
commodity. His method of working was to employ a slow 
plate, to expose it under a negative in a printing frame for 
the fraction of a second in daylight, or for a longer time 
by lamplight, and to develop by either the alkaline or 
ferrous oxalate method. The plate was afterwards flooded 
with pyro and silver and toned with gold. 

The introduction of chloride plates, which give beautiful 
effects, may deter some from trying what can be done by 
ordinary gelatino-bromide plates. But for the amateur 
whose time is otherwise occupied during daylight, the latter 
process has many advantages. The chief one is that, while 
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tbe ezpoBore of a ctiloride plate to lamplight irill ocoapy 
about three minutea, a bromide plate can be BnccessfoHj 
exposed in less than three seconds, ao that a niunbcr cau 
be exposed in an hour or two. 

1 have already pointed out how a redaced positive can 
be readily obtained from a negative by means of the 
camera. I will now supjMJse tliiit the nugiitive from wliich 
the transparency ia to bo taken, is on a | plntc, and, there- 
fore, the right size for the lantern slide, and that the pic- 
ture ia fo be printed by contact in a printing frame. 
The roqtiircraeiits are a red lamp, a gas or paraffin 
lamp, which can be roiidily turned np and down, and a 

Ab in moat photographic operations, correct oxpoanre ia 
the main consideration, but whereas where daylight ia 
ooncemed, this exposure ia always difficult to hit upon, 
because the light varies so much under different circuni- 
Btancea ; here, where we have a lamp to work by, we can 
measure its duration to a nicety. 

I may meutiou here that there ia a form of gas-burners 
sold whiuh is very useful in this work. It is fitted with a 
bypass, SO that it is never actually turned out A blue 
bead of light remaina, wliich ia quite shielded from view, 
and this permanent flame ignites the full amount of gas 
when the stopcock ia turned on. The npevibtion of prints 
ing a transparency oonsista in placing the negative in the 
frame, and placing upon it, film to film, a gelatine pliite, 
measTiring '6^ x 3^ inches. The frame is closed, and is 
held^witMu a short distance of the lamp, which ia turned 
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np for a brief period, and then turned down to darkness 
once more. But how must this period be measured ? In 
order to answer this question I must call attention to a 
certain optical law which I have attempted to put in the 
form of diagrams : — 




Fig. 38. 



Fig. 38 illustrates the manner in which the light rays 
from a candle strike out all round it like the spokes of a 
wheel ; but, for simplicity sake, the rays in one direction 
only are shown. Let A represent our printing frame held 
at 1 foot from the light source, and let us suppose that 
at that distance the plate contained in it will require one 
second's exposure. Now let us expose a similar plate at B, 
which is 2 feet from the light source, what exposure will 
it require? "Two seconds," the tyro will probably 
answer ; but he would be wrong, the plate at double the 
distance will require four times the original exposure ; at 
treble the distance, nine times the original exposure. In 
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other word§, "(/« inUruiity of ilhtmination on a given » 
face M invenett/ aa the square of its dialatvx frovi the sou 
of light." 




Fig. 39 will perhaps make the matter still more plain. At 
1 foot from the oandle the square marked i receives a 
certain amount of light ; at ii, that light is spread over a 
surface four times the area of the first ; and at tit over a 
surface nine times as large as i. This law, which is really 
of a very simple character, the operator ehonld have con- 
stantly in his mind, as he espoaes his plates to artificial 
light under a negative. 

The method of development which I recommend is by 
means of ferrous oxalate, and it will be found tliat the 
transparencies produced by it reqviiro no toning whatever. 
I make my own potasaic oxalate, and find it, moreover, 
reliable; the operation is simplicity itself. In a large 
basin dissolve half a pound of carbonate of potash (salts of 
tartar) in a pint and a half of warm water. Now add 
gradually oxalic acid, a few crystals at a time, for the 
efforveacence is very violent, and difficult to control if 
much be put in at once. When six ounces of the crystals 



o added, set (be hisin aside for an boor or two, 

then stir its contents with a glass rod, and test with blue 
Htmna paper, adding crystals of acid nntil the paper tnrns 
slightly red. Add fo the liquid 30 grains of potassic 
bromide, allow to settle, and bottle ofi for use when clear. 

But those who wish to avoid the trouble of making 
their own potaaaic oxalate «in buy the crystals at any 
photographic dealer's, in which case its solution should be 
made with boiling water, and well stirred until all crystals 
have disappeared. One ponnd of oxalate will require 
just a quart of water to make a saturated solution. If 
more water be nsed, the solution will not be a saturakd 
one, and will, when mixed with the iron, throw down a 
mnddy red precipitate, and be useless for developing pnr- 
poses. The iron mnst be added to the potash, and not vice 
versa, or the aamo cfEect will be produced. 1 have found 
that with this developer it is always advisable to soak the 
exposed plate in water as a preliminary step. The gelatine 
sarfaco then takes more kiudly to the solution, and greater 
density is attained. 

The development should be carried on nntil the picture 
looks overdone, for it must bo remembered that it has to 
be ultimately exhibited by transmitted light, and we view 
it in the developing dish by rejected light only, but hold- 
ing it np to the red light and looking through it we can 
judge well when the developing action ought to be stopped. 
Now follows a rapid rinse nnder the tap, a few minutes' 
immersion in alnm and water, and fixing in fresh hypo. 
If oi'dinary household water has bean used, the film will 
show a milky veil. This is quickly removed by a ten per 
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cent, solution of sodic citrate, poured on and off, and gently 
rubbed upon the gelatine surface with a ping of cotton 
wool. This treiitment is not necessary if rainwater is 
available. Messrs. Mawson and Swan supply an admirable 
plate for laiit<!m-slide work. It can be used fur reducing 
in tlie camera, or for contact printing, and is amenable to 
more than one method of development. 

At one of the exhibitions this firm showed a specimen 
fi-ame of four transparencies fi-om oiio negative, — each 
developed by a diHerect formula, and showing a difference 
of tint for each. 

I append two of those formnlfe : — 



A.— Heta BiBtilpbite Developer. 


i 


B.— Carbanata &oi3a „ 


1 


I. ""■ 


1 


Meta-biBQlphitB Putasa 

IlLsUllBd Water 


40 gTB. 

120 „ 
40 „ 


n. 

Liquor Am moaia 

Distilled Water 


21 drniB. 
30 M,a. 


Mi* eqoal parla of A and B jast bef„ 


o naing. 


B. 




I, 

Pym 40 gra. 

8odio Sulphite ...180 „ 

Krum. Potass 2) „ 

HjdroBhloHo Acid ... 40 mina. 
DiBtiilod Water np to 20 oza. 


IL 
Carb. Soda 1 oz. avd. 

Sodic SnlphitB ... I 

Distilled Water ... 20 „ fluid. J 



Bo'^wpeti developiDent and flialioii immerse plate in Sol. of Alum, 
I oi, in 2U oas. water, waaliiiig ooiefull; before and after. 
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Measrt. Samuel Yrj and Ca, also make m tiloiaiiglilj 
reliable lantern j^ie which is suited to both camera and 
contact work. It is amenaUe to more than one derdoper, 
but I prefer that in which h jdrokinone t^^es the fJaoe of 
pyro. Here is their fonnnla : — 

A. 

Hydioldiioiip, best quiditj •^ •m •m '^SO gn. 

Solphite Soda •••«.•«. 440 „ 

BrooL. Pot. ... ... ... .•• •M ••• 25 „ 

Water^To nuike s total bulk of ^ ^ 20otB. 

B. 

Oaih. Soda (not Bioaib.) .^ .m 900 gn. 

Oaro. JrotaflB ••• -.- ••• •*• ••• vwj d 

Water— To make a total bnlk of ^ ... 20 on. 

These soht^ons do not require f nrUier dilation* 

Fob TJbk. — Take eqnal qnantities of each. The mixed solution 
shoold be colourless, and can be used repeatedly, and nntil the 
developer fails to render details satlsfactoril j. 

LANTEBK SLIDES FBOM PAPEB PKDfTS — EN6RATIHG8 OB 

PHOTOGRAPHS. 

There are certain main principles to be obserred in 
copying a photograph, or any other kind of picture, if a 
satis&bctorj negative, fit for printing a lantern slide from, 
is to be expected. The copy should be illuminated by 
diffused light only, and should never receive the direct 
rays of the sun. A cloudless day is the best to choose, 
for then the light is regular, and when the exposure has 
been correctly calculated for the first picture, it will, during 
some hours of the day, be right for the rest. At least this 
is true, if we are copying a series of pictures of the same 
dimensions. But, if our first copy is, say, 12 inches across 
and our next one only carte de visits size — and we want to 
reproduce a negative of each, measuring 3^ x 3^ (the 
standard size for lantern pictures), our camera most in tho 



132 



THE VOOI or THE T^NTEHV, 



latter oases ba ao much extended that the expoBure mnst 
be proportionatoly increiised. 

A picture under glaas wiJl Beldom give a good result 
for tlie surface will take up reflections froin surround- 
ing' objects, which maj not perhaps be noticed on the 
foouHsing Bcreen, but which will most aurely become dis- 
agreeftbly evident in the negiitive. A highly glazed 
ftlburacnized print is objectionnble for the same reason, 
but c^n be generally coased into % position in which no 
mischief of the kind is apparent. Steel engravings hare no 
gloss, but they seldoni make good pictures for the lantern 
screen, their details being too fine. A first-class wood 
engraving is far better for the purpose, and as its value is, 
as a rule, not very great, it can he judiciously touched np 
before being photographed. Perlmps the artist of anch a 
picture would be horrified at his work being thus interfered 
with, bat the touching up indicated is quite legitimate. 
Let me further explain my meaning. Suppose that in one 
of our illustrated periodicals there is a representation of 
some current event which we want for our lantern. If it 
ia an interior view, it will probably require no doctoring. But 
if a landscape, or a group of figTires with a aky back- 
gronnd, then certain parts should be auppi-esMed. The sky 
is not white, but consists of a number of parallel linefi with 
clouds interspersed ; efiective enough in the print, but not 
Buitablo for repi'oduction in an enlarged form. These lines, 
which seem to mingle ao well, giving the efiect of a geueml 
soft " tint," will on the lantern sheet look like what tliej 
really are^a sei'ies of debjched bars right across the picture. 
To get rid of these lines, the outline of the Bgurea, and 
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other objects which stand against the sky, shonld have a 
broad margin painted round them in Chinese white, leaving 
the main body of the sky to be blocked out with black 
varnish in the negative itself. 

I have done excellent work with Ross's portable sym- 
metrical lens No. 3 — which has a focus of 5 inches. Of 
course, other lenses will do well for copying, but if of 
longer focus, the camera must have an extending front 
fitted to it. Very few cameras pull out long enough to 
photograph a very near object, unless a short focus lens is 
employed. As a guide to exposure, I may mention that 
in copying wood-cuts and photographs with the above- 
named lens, and using a fairly-rapid gelatine plate, it 
averages 17 seconds with stop No. 4. It is as well to focus 
with full aperture of the lens, and to insert the stop just 
before exposure. One more hint. It is sometimes very 
difficult to sharply focus a soft photograph which has no 
sharp lines in itself. The difficulty is obviated by affixing 
to the middle of the copy any little piece of printed matter, 
wetting it with the tongue for that purpose. Only be 
careful to remove it before exposure, or your negative will 
faithfully record the little dodge. 

It would seem a very simple matter, to one who has not 
tried it, to fasten a picture upon a wall in a good light, 
stand the camera on its tripod in front of that picture, and 
proceed to copy it. But difficulties crop up when we want 
to reduce that picture to a certain size, and to keep the 
camera square with the copy, so as to prevent distortion. 
With head beneath the focussing cloth, the struggle to 
adjust the tripod .legs is quite distressing. I myself found 
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HO much difficulty in getting the camera into the exact 
position required, tliat I constructed & special piece of 
apparatus for the sole purpose of copying. To this acces- 
sory, which works most perfectly, I now direct atten- 
tion. It is simple in construction, and anybody who knows 
how to handle a few tools can put it together with ease. 
The amateur may prefer to eniploy a professional carpenter, 
bat there is always a difficulty in gettii^ the British work- 
Diivn to make anything that is at all strange to him. My 
advice is, therefore, if you want the thing done well do 
youreelf (see fig. 40). 
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A IB a base board, fixed on legs, as shown. It will be 
evident that a spare table, or even the top of a packing- 
case, wonld do as well, but it mnst be firm. Upon this base, 
and fixed firmly to it, is a kind of railway formed by two 
parallel grooves. D is a skeleton carriage furnished with 
two runners at the bottom which will fit the grooves in 
A, so as to run easily to and fro. The carriage D is also 
furnished with grooves, and these are for the reception of 
the runners aflfixed to the super-carriage, E. Upon E is 
fastened the photographic camera, the camera screw being 
placed through the centre hole for that purpose. 

In use, the picture to be copied is pinned to the back- 
board, F, and I may mention as a detail of some im- 
portance, that the little bead-headed arrangements known 
to drapers as " ladies' bonnet^pins " are best for the purpose. 
The camera is placed on E, E on D, and D placed on the 
rails of the baseboard, A. We thus have two separate 
movements at our disposal in getting the image of the copy 
focussed centrally on the ground glass. A furnishes the 
to and fro movement, and the grooves on D give the right 
and left movement. The board, F, runs between upright 
grooves, and thus we have a vertical movement. With 
this simple contrivance a picture can be focussed in a few 
seconds, and the camera all the time is bound to keep square 
with the copy. A 3 -inch circle drawn in pencil on the 
ground-glass of the camera is useful as a reminder of the 
size to which the picture must be reduced. 

Lastly, this useful contrivance can serve another pur- 
pose. We may wish to obtain a reduced positive on glass 
from a larger negative. We can do this direct in the 
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oameni by placing the negative to be copied in an opening 
in tbe board, F, marked by a dotted line in the illustrj,- 
tdon, A couple of laths can then be placed above, so as to 
rest at one end on the camera, and at the other end on the 



'top of the board, F. These laths will 







for a dark cloth, which can be thrown over all. A sloping 
piece of white cardboard placed behind P (also indicated 
by a dotted line) will throw reflected light from the sky 
throngh the negative. I give no dimensions for this copy- 
ing machine, for the maker must be gnided by the size 
of his camera, the focua of his lens, and his general 
requirementa. A compound frame for negatives of variona 
Hizea, as shown io fig, 41, makes this copying-machine 
complete. 



J 




CHAPTER X. 

HOME-MADE QELATINE PLATES. 

LL makers of commercial gelatine plates put for- 
ward the quality of rapidity as being the one 
thing needful in modem photography, and ad- 
vertise their wares as being ten, twenty, or even sixty 
times as quick in operation as the old wet collodion 
process. Such rapid plates are not the best for trans- 
parency work, and as no maker will acknowledge that 
his plates are slow, — although opinions may be divided 
upon the matter, — and as slow plates are the most 
suitable for lantern slides, the operator who aims at the 
best work may wish to try his hand at making them for 
himself. Of the many formulae which I have tried for this 
particular purpose, I prefer that first introduced by Dr. 
Eder, which I have slightly modified. Gelatine plate 
making is by no means easy work, but the method which 
I am about to describe presents fewer difficulties than 
most others. 

The' apparatus required need only be of a very homely 
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nutnre, and Bach as can be found in most honseliolda. 
Here ia the list : — An earthenware pot with a cover to it, 
of about one pint capacity ; a gla.ss tumbler ; a preserving- 
pan or Bancepan standing on a tripod, with a spirit-lamp 
or BunsoTj flamo beneath it ; a thermometer, two glass 
atirriug rods, a. square of Berlin-work cauYaa, an earthen- 
ware colander, and a diBh. In the earthenware pot pat 
the following : — 

Gelatine 110 groina. 

FotsBBio BrDmide 62 „ 

(Ten per cent.) Sulatimi oF Salicjlic Acid ia Alcohol, i onaoeL 



I recommend the use of either Autotype, the Swiss, or 
Henderson's make of gelatine. After being weighed it 
should be cut up into strijiM with scissors and placed in the 
jar with the other ingredients. With a glass rod press 
down the gelatine into the water, so that every particle of 
it ia wet and softened. Set aside for ten minutes to awetl. 
Now half fill the preserving-pan with warm water, and 
place the flame beneath it. Tlie thermometer should be ' 
placed in the pan, so aa to check the temperature, which 
should not be allowed to rise about 90° Fahr. Place the 
pot containing the gelatine in the water, taking the precau- 
tion to put a piece of thick paper beneath it, so that it 
does not actually touch the heated bottom. 

The gelatine will very gradually melt, and the opera* 
tion nmy be hastened by an occasional stir with the glass 
rod. Even when it becomes quite limpid, little particles 
of undissolved gelatine may be floating about in it 
and these should disappear before proceeding further, or 
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they will form insoluble particles, which will lead to 
difficulties later on. In the glass tumbler place — 

Silver nitrate m* 77 grains. 
Water 2 ounces. 

The common tap water employed will, on account of the 
salts which it contains, turn milky in appearance when the 
silver is added. This is of no consequence. The crystals 
can be crushed under the water by another glass rod, 
and complete solution will soon be effected. (The tyro 
must be most careful to keep each stirring I'od distinct, or 
he will spoil the entire work.) When the crystals have 
all disappeared, pour into the silver solution, drop by drop, 
some strong liquid ammonia, stirring the solution vigorously 
all the time. The liquid will turn coffee-coloured, owing 
to a precipitation of silver oxide, but as more of the 
ammonia is added this precipitate is redissolved, and the 
solution becomes as clear as ordinary water. Only just 
sufficient ammonia should be added to accomplish this 
result. Now place the glass tumbler in the pan beside 
the vessel containing the gelatine mixture, and leave it 
there to warm for about fifteen minutes. All the fore- 
going operations can be conducted in the full light of day, 
but now, when the two solutions have to be blended to form 
a sensitive emulsion of bromide of silver, the light of the 
red room only must be called into requisition. 

The flame beneath the pan, or water bath, is now no 
longer required, so let it be removed. Take both the gela- 
tine and silver vessels from the pan, and place them on the 
table. Now stir the gelatine briskly, and add a small 

K 



portion of the silver solution at a time, nntil all of it is 
transferred to the farthenware pot. Wash out the silver 
glass with half an ounce of water and add that too. The 
newly-formed emulsion should now look like cream. Place 
the cover on the jar, and pnt it back once more in the 
warm water (without auy flame beneath it) for fifteen 
minutes. At the end of that time pour it out into a dish 
or plate to set, and cover it over so that neither light nor 
dnst can trouble it. This will complete the first stag* of 
plate- making. 

In a few hours, — according to the general temperature, 
— the emulsion will have set into a firm jelly. It must 
now be washed to get rid of certain extraneous matter 
which has been formed and which is not wanted. The 
silver nitrate has combined with the bromide of potassium 
to form silver bromide, — the required salt, which is sensi- 
tive to light,' — but at the same time nitrate of potassium 
(saltpetre) has also been formed, and must be eliminated. 
As this latter ia soluble in water, whiie the silver bromide 
is insoluble, the matter is not a difficult one to accomplish. 
By dividing the jelly into shreds, and putting it into 
several changes of water, this universal solvent gets to 
every side of it, so to speak, and the saltpetre is quickly 
got rid of. Scrape up the jelly with a silver spoon, or a 
slip of giass, and place it in the middle of the square of 
canvas, which has been previously wrung oat in water. 
Gather up the euda so that the jelly forma a ball confineil 
within the canvas. Now place in a large pan of water, 
and squeeze and twLst the canvas with the hands (under 
e jelly ia forced through the meshes of the 



water) 



10 that tj 
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fabric like so much vermicelK. It will presently sink to 
the bottom of the pan. Now pour off the water above it, 
and fill up with fresh. Let the pan rest for five minutes, 
and repeat the operation half a dozen times. The emulsion 
must now be strained. 

A square of cambric, the size of a handkerchief, is 
squeezed in water, and put in the colander, so as to form a 
lining to it, with the comers hanging outside. Pour the 
divided emulsion into this, when most of the water will 
at once run off, and still more may be made to do so by 
gathering up the comers of the cambric in the hands and 
gently squeezing the pudding-like mass. Once more open 
the cloth, and pour into the contained emulsion an ounce 
of methylated spirit. Again squeeze up the cloth, after 
which the gelatine shreds can be spooned up, placed in a 
clean jar, and tied over with a light-tight cover. So ends 
stage number two. 

There are many who say, with much truth, that the real 
difficulty of plate-making begins after the foregoing opera- 
tion of making the emulsion, for a great many fail in the 
mechanical work of coating the plates, which is the next 
and final operation. Before this is attempted the decks 
should be cleared for action. The operator must have, on 
his table a carefully levelled piece of slate or plate glass, 
large enough to contain at least one dozen plates, laid 
edge to edge. He will also want a jug with a good lip 
from which to pour the emulsion, a glass rod to guide 
it over the plate which he is coating, and a pneumatic 
holder. The jar of emulsion must first of all be placed in 
the water bath at the old temperature of 96^ for an hour , 

K 2 
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or two, during; which time it can be conveniently stirred 
onco or twice (by red light only, of coorae). If the cover 
of the jar be really light tight, this melting opei-ation can 
go on in daylight, and at the siime time the glana to be 
coated can be cleaned. Polish each glass with a littls 
whiting and water, and when dry rub the aide to be 
coated with a Iciither damped with spirits of wine. This 
will counteract any repellant action, when the emnlaion is 
applied to the gliisa surface. When all the ghtssea have 
been so treated, wrap them in packets of two dozen each, 
in clean pajier, prepared aide upwards, and put them on 
t'le kitchen hob to warm throngh. (Thia latter precaution 
is only necessary in cold weather.) The emnlBion mnst 
now be filtored. 

The best form oE filter is a lamp chimney with a flange 
on its lower orifice, over which a piece of damp wash- 
Icnther (which has been washed in soda and rinsed in 
many changes of water) can be tied. When all is ready 
for commencing U> coat, this filter is held over the month 
of the jug (both should be rinsed out with warm water 
the instant before), and the emulsion is poured steadily into 
its npper opening. In a minnte it will run through the 
leather into the jug bulow, and will be quicker in its move- 
ment if a presHnre of air is kept upon it, by applying the 
lips to the upper end of the glass. Now comes the coating 
diffi(;ulty. 

Let the operator seat himself at his table bo that the 
slate or glass slab in between him and the red light. 
Place the glass rod in the jug of eninlBion, and when in 
the act of pouring keep the rod back with the thumb of 
the same hand that is holding the jng. Take the topmost 
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glass plate, fix it on the pneumatic holder, hold it level, 
and pour a small pool of emulsion in its centre. By inclin- 
ing the plate a little, the pool will run to the two further 
corners, and can afterwards be guided across the whole 
plate with the help of the glass rod. The plate is then 
slid on to the slab, where it will speedily set, and the glass 
rod goes back into the jug. Each plate is treated in the 
*same way until the slab is full, by wliich time its first 
occupants will have set, and can be reared up to dry in 
shelves, or a proper drying cupboard. The glass chosen 
should be as thin and as free from* bubbles as possible, and 
can be of the standard lantern size, 3 J by 3 J inches. But 
as experience is gained the operator will find it more con- 
venient and economical of time to coat plates 6 J by 6^ inches, 
which can afterwards be cut across twice with the dia- 
mond, to form each four lantern slides. 

GKLATINO-CHLOEIDE PLATES. 

My own fevourite process for lantern slide making is the 
gelatino-chloride, which has many good points to recom- 
mend it. It is suitable only for contact printing, there- 
fore the negatives used must be small ones only. Capital 
chloride plates can be purchased nowadays ; but for those 
who prefer to make their own, I can confidently recom- 
mend the following formula : Mix up the three solutions 
— ^A, B, and 0. 



A ( Gelatine 

^ { Water (distilled) .. 

^ j Silver Nitrate ., 

^ ( Water (distiUed) .. 

P ( Ammoniiim Chloride 

^ ( Water (distilled) .. 



800 grains. 

4 oonoes. 
240 grains. 

4 ounces. 

100 grains. 
2 onnoes. 
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Melt by heat, but not above 120" Fabr. Then in a 
yellow ligbt, pour B into A, stirring rapidly nil the time, 
and finally adding C. Allow the emulsion tlim made to 
remain for one hour, at the temperature already stated, 
and then pnt aside in a dish to set. The washing, filtering, 
and coating operations are the same as those described for 
bromide plate making. The bright yellow light allowable 
is a greiit help to comfortable working of this process. 

Chloride plates are useleaa, on account of their slowness, 
where n slide has to be reduced, by means of the camera, 
from a negative larger than itself. Nor do I advise the 
amateur to adopt them unless ha can work by daylight, 
or is fortunately situated like one I know, who lives oppo- 
site to an entei'priaing tailor who displays an electric aro 
light in front uE bia door. For the chloride jilate is most 
insensitive to yellow light, snch as that affcirdeii by gas. 
For this reason, most commercial makers advise that the 
bght chosen should bo that procured by burning an inch oE 
mitgneaium wire at a distance oE so many inches from the 
printing-frjime. This advice is not difficult to follow, but 
it is very difiicult to make two pieces of wire give out 
exactly the same amount of l^ht ; for magnesium wire has 
a habit oE dropping down in a languid manner under the 
inttueace oE its own he it, and going out suddenly when it 
ought to shed its radiance abroad. With diffnsed daylight 
all is plain sailing. The negative, with its chloride plate 
in contact with it, is exposed, say, for three seconds to 
daylight, and is then dropped into the developer. Here 
is a good one, devised, if I remember rightly, by 
Mr. Edwards: — 
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^ Nentral potassic oxalate 2 onnneeu 

A j Sal ammoniao 40 grains. 

(. Water (distilled) 1 pint. 



B 



Iron sulphate ,.. ... ... 4 dtauhms. 

Citric acid 2 „ 

Alum... ,., ,,, ,,, ,,. £t ,, 

Water (distilled) 1 pint. 



For use, pour a portion of B into an eqnal quantity of A. 

If the operator is accustomed to the ferrous oxalate 
developer pure and simple, he will find that it will develop 
this description of plate, but it is better for being restrained 
with a few drops of 10 per cent, solution of sodic citrate. 
Whether he use one or the other, let him be particularly- 
careful in the matter of cleanliness of fingers. A hypo- 
defiled finger will spoil the developer instantly. To avoid 
this disaster, — the potency of which I have learned by 
sad experience, — I have adopted the following method of 
working : — 

I use a brilliant yellow light, so that I can work comfort- 
ably, for chloride plates are, as already stated, insensitive to 
yellow rays ; the developing tray stands in front of it, and at 
one side is placed a large tray filled with water, to which a 
little alum solution has been added. Hypo is, for the pre- 
sent banished from the scene altogether, I expose my plate, 
and put it into the developing solution. In a few seconds 
the picture flashes out in the unceremonious manner com- 
mon to chloride plates. I hold it up to the light, look 
through it, and find that it is but a ghostly image after alL 
I expose another plate in an adjoining room, and put it by 
the one which is in course of development, and which by 
this time has most likely gained sufficient density. If it 
has, I wash it for a few seconds under the tap, and drop it 
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into tho alum tray ; and bo on, uatil perhaps a couple of 
dozen plates have been treated in the autue vt^j. I then 
light my gas-lamp, mis up a tray of freah hypo, large 
enough to accommodate half a dozen plates at a time, and 
proceed to fix my plates. They fix rapidly, and as fast us 
they are done, buck they go into the weak alum solution, 
until, when the batch is finished, I proceed to wash them. 
This I do by placing tbcm in a metal rack (see fig. 42), 
and changing the water occasionally during an hour or so. 




OENEBAL GONSIDBRATIOHS- 



MOUNTINQ. 



Hitherto I have said nothing with reference to the best 
kind of negative for lantern slide making ; the worker will 
find out, after a few triiils, that some of hia negatives will 
yield, without much trouble, a fivst-clasB result, whUst others 
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seem reluctant to give anything but a very poor tians- 
parency. A really good n^ative will give a good print 
on paper, glass, or indeed on any otiier possible cmteriiil, 
bnt at the same time a negative, wliieli from its tliinness 
would require special ranniigement in ordinary printing oa 
albmneniaed piiper, will yield a fine tninapitrency on glass 
with, half the trouble. In otlier words, a negative tnken 
pnrpoaoly for lantern work iiaed not be so dense as one 
destiueil for the ordinary printing-frame. The preciiutione 
used in darkling with a thin negative in the one case, must 
be observed in the other; for inafcince, the careful printer, 
in producing a jiaper print from such a negative, will take 
his frame iac from the window of his room, and give it a 
Tflry protracted exposure, and, by fO;ixing it in tbia way, a 
good dense print is ofateinabk. Exactly the same treat- 
ment is necesajiry in producing a lantern-slide from the 
same pii^ture. Instead of holding the printing- frame a foot 
OP two from tlie gas-burner, as alroiidy rocemniended, let it 
be removed 6 feet away from the flame, and be given a 
greatly- increased esposura by the rale ah'eady indicated. 

I have advised that the focussing-screen of the camera 
should bo marked with a 3-in<;h circle, to which the 
picture should be limited. A still more effective plan, 
however, is to cover the grourid-glasa with a card- 
board mask, having a 3-iuch hole in ite centre, which 
can be placed in siiit when required. The operator can 
then aee at a glance whether hia picture is nicely composed, 
and will have a very good idea of its ultimate appearance 
as a lantern-slide on the sheet. Most photographers carry 
into the field with tliem more than one lens, and it is espe- 
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cially noccBsary that he whose negativea are intciided to 
yield [antern-pictnres of a uniform size should do bo. The 
beginner ia, perhaps, not likely to see the sidraufcage of this. 
Let me point it out. Suppose that he has foeussed the 
imiige of some wayside cottage, and finds to his chagrin 
that the buiUiing fills np all the proscribed cii'cle, and tlmt 
the surrounding foliage and other aoctasories which really 
make up the beauty of the scene, as presented to the eye, 
are " far, far away." His natural impulse would be to 
carry his camera farther from the object, but a blank wall 
behind him forbids him to do this. But with a shorter 
focus-IeuH, which shonld screw into the flange fittiui on his 
camera, the acuident can be immediately remedied, and 
ho can proceed on hia way rejoicing. This same difficulty 
has occurred to me time after time, in the case of 
country churches having small burial-grounds shut in on 
every side by foliage. From no point can a view of the 
building be foonsaed on tlie glass eicept by uaing a lens ot 
very short focus. Very often the conditions are reversed, 
and the photogmpherfindshimBtlf beforeascBne with some 
obstacle in front of him which forbids nearer approach, , 
and the image on the focussing screen is quite insignificant. 
Here tbe obvious course is to screw off the front lens of hia 
combination, and to treat the back one as a long-focus 
single lens. Of course, the camera must be extended to 
double its normal length, and no amateur should possess a 
camera that wil! not do so, should occasion require it. 

The moat experienced workers often obtain a negative 
full of brilliancy and deheate detail, but with a very thin 
gky, — a sky so thin that if a lantern-shde were taken from 
*■ raw, HO to speak, we should have in it a very good repre- 
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sensation of a November fog. There are several ways of 
obviating this difficulty. In exposing it before the gas- 
flame it should, like all thin negatives, be taken several 
feet distant, so that the time of exposure may perhaps 
extend to twenty seconds or more. During this time keep 
the sky portion covered with a piece of card which has 
been cut in Vandykes all along the edge next the horizon, 
but do not keep it still, but in gentle movement. This 
plan gives a clear sky, with the effect of a slight haze over 
the horizon, — an effect, I need hardly say, frequently seen 
in nature. Indeed, this hazy effect can often be extended 
to the landscape itself, with the most charming effect of 
atmosphere which an artist could desire. 

Another plan of treating a thin sky is to furnish it with 
clouds by the following simple method: — Paste over the 
glass side of the negative a piece of white tissue paper. 
When this is dry, hold it up to the light, and mark upon it 
the position of the horizon and the outline of any trees or 
other objects which may appear against the sky. Now, 
with a stump and a black pigment (such a pigment for use 
with the stump is sold by most artists' colourmen, — I do 
not know the name) rub in masses of cloud, taking care 
that their edges are ill-defined and fleecy. By this means 
a flat, tame-looking negative can be made to yield a beau- 
tiful picture. Any water in the composition can be treated 
in the same way, for it must be remembered that water 
reflects clouds as well as anything else. Where the sky is 
dense enough, but contains pin-holes or other blemishes, 
Bates's black varnish, painted on the plain glass side, is the 
best remedy; or the &iults can be delicately stopped out 
by ordinary India ink on the film side. Where there ii 
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livrgu expanse of sky, the quickest mutkod is to gum over 
it a piece of oniiigo-colourod paper with a jugged edge. 

A lautorn slide, otliurwiae perfect, will somctimcH re- 
quire a little strengthening. I believe that the best 
method of iatcnsiHeiition is that long ago pnbliahed b; 
Mr. England. Hero it is : — 

Mercuric bi-chloHde (oarnMiTa Bablimatu) ,.. \ ox. 

Sal ammouiao i „ 

Water 13 „ 

(Disaolvo, ftnd mark " Poigan.") 

The picture, aftwr well soiiking in plain water, 19 im- 
mersed in thin mixture, in wliit^h it will first turn grey, 
and afterwards cjuite white if loft long enough. The 
wbite stage should not bo ryached unless a very great 
additional intensity is requisite. Remove from the soln- 
tion, wash most thoroughly under a tap for throe or four 
minutes, and immerse in the following solution, which will 
almost immediately turn the film to a brown bliick : — 

Liq. amtuDQUi.foi't ... j drachm. 

Water 6 on noes. 

Rinse under the tup, and the operation is complete. Many 
people object to the use of the mercuric salt, on the 
ground that it is unstable, and that the picture will ulti- 
mately fade. I have uot found this to be the case if the 
washing operation be thoroughly carried out, but as a ru!e 
I should give an intensified film a protecting layer of 
Tarnish. Prevention is better than cure, and the amateur 
should endeavour to produce pictures that will require no 
doctoring. 

When tha tantem transparency is complete it must be 
mounted before it can be considered out of hand. It is as 
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well to trj it in the lantern first, in order that any little 
blemish not before detected can be remedied. Any Uttle 
clear spot where a clear spot has no business to be can be 
touched with India ink. K the picture is to be coloured, 
the slide need not be so firmly bound up as one to be used 
plain. A cover glass, separated from the photograph by a 
paper mask, with a round, square, or cushion-shaped open- 
ing, and fastened with one or two slips of gummed (stamp) 
paper, is quite sufficient until the artist is ready with his 
palette and brushes. But if the slide is to be exhibited as 
a plain photograph, it may as well be bound together as it 
is to remain. For this purpose we require slips of gummed 
paper fourteen inches long by three-eighths of an inch 
broad. The paper (black needle paper is the best) shoald 
be gummed before being cut, and one sheet will provide 
for about a hundred pictures. Mix powdered gum arabic 
with one fourth its weight of loaf sugar, and add sufficient 
water to make a thick mucilage. Paint the paper liberally 
with this, and hang it up to dry. When dry it can be cut 
into slips of the above size. 

To mount a picture, damp one of the slips of gummed 
paper, and put it sticky side upwards on the table before 
you. Now take a slide, duly fitted with its black mask, and 
a cover glass, all perfectly clean and free from dust. Hold 
the combination tightly between the fingers, and bring one 
edge down on the end of the gummed slip. Now treat the 
slide as a porter treats a heavy box, — turn it over and over 
along the slip of gummed paper, so that each edge will 
take up its quantum. Now carefully fold down the edges, 
neatly adjust the corners, and the thing is done. 
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But for the amateur -worker, to wliom a few fedlnres are 
not of any great moment, gelatine plates are best adapted. 
The silver bath, with its concomitant stained fingers and 
spoiled linen, is, I think, best left alone, nnless the ama- 
tenr adopts it as a necessary part of his photographic 
education. 

Those amatenr photographers who are used to the work- 
ing of bromide paper, can prodnce lantern slides by an 
easier method than any of those just reviewed, namely, by 
means of the transf erro-type paper which has lately been 
introdnced by the Eastman Company, and with which 
many sncceed in prodncing very fine lantern slides. This 
paper is coated with identically the same emulsion as ih&t 
employed in the well-known bromide paper, and therefore 
the amateur has an advantage at the outset, of working 
with a medium to which he is accustomed ; its develop- 
ment being the same as that of the ordinary bromide paper. 
It consists of an insoluble sensitised emulsion which is 
applied to paper having a soluble substratum of gelatine. 
The tissue is exposed under a negative to gaslight for 
the requisite time, and according to the density and 
other peculiarities of the negative in question ; and is then 
developed in a ferrous-oxalate solution in the ordinary 
manner. It is then transferred to a piece of plain glass, 
which should be free from bubbles and other blemishes, 
while wet, being placed face down on the glass, and 
squeezed into contact. As much moisture as possible is 
then removed by the application of blotting paper. In 
about half an hour it will be ready for stripping ; but may 
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be left if preferrtil until the tissue is quite dry. The glass 
and its print is placed in a dish conttiining water at 
the temperature of aLout 110 degreea if the print is wet; 
but shonld the print have been allowed to dry, the water 
mnst be soiae 1 degrees hotter. After tJlawing it to snak 
for a couple of minutes or eo, the paper is mised at one 
comer, taking every precaution not to injure the sur- 
face ; when it will readily sepiinite from the film. The 
piiite hearing the pit-ture m then put into a solution of alum 
for a minute, nnd ia placed in a rack to dry. Upon cs- 
ftmining a lantern slide so mode, a slight granular nppear- 
flnce is observable in the high lights and the skj' ; hut tliia 
U not npparent when the image is projected on the lantern 
screen, The picture will liiive the usunl grey tone, whiuh 
is associntcd with ferrouB-oxuli.te development; but it «in 
be turned to n rich brown by the following treatment : — 



. 100 gra. 



Take equal pnrts of A and B and immerse the print ia 
the mixture until the tone changes to the tint required. 
Then wash thoroughly and immerse for five minutes in a 
freshly made-np solution — hypo, three ounces ; water, six- 
teen ounces, woah. The prints that will best yield to this 
ftfter-trcatment are those in which the image is from any 
cause rather weiii: ; for this final bath not only altera the 
tone, but acts as an intensifier. 



CHAPTER XT, 



OM COLOCEISO 



{^PAREHCtES FOB LAHTEBt 



iP^'^S giving directionH for colonring lautem trans- 
\^3 ^1 ['^reiicies, I lini quite aviare thnt many persons 

~ will any at tlie outset that a good photograph is 

better without any colour at all ; on the principle, I suppose, 
that " good wine needs no bush." 

I quite agree with that opinion, and in colonring a trana- 
l)ftrency of good quality, I should be inclined to describe 
the operation mora as tinting ; for the common method of 
colonring by which photographs are blotted out and 
drowned in a mass of pigment is simply atrocions. I 
lately saw a photographic transparency for a lantern, which 
was very beautifully and tastefully tinted, evidently by an 
artistic hand. 

The owner of this picture stiw no beauty in it, but com- 
plained to me that lie paid a long price for this thing, and 
there was hardly any colour on it, just as if payment ought 
to go by the amount of pigment stuck on the glasa. 
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In the first place, the worker must consider which of 
his pictures will be benefited by a coating of colour, 
for some subjects are very much better lift alone, 
and shown as untouched photographs. This is especially 
true of such pictures as exhibit a mass of detail entirely 
covering the glass ; a woodland scene, for instance, with 
tangled masses of branches and underwood, and ferns in 
profusion. On the other hand, if the subject be an open 
landscape, with more than half of it consisting of white 
sky, it is undoubtedly improved by being tinted. The 
white sky receives, with great benefit, its ntitural tint of 
blue, relieved by masses or feathery tufts of clouds, 
which, if carefully introduced, can be made to look very 
like the real thing. 

In the directions that I am now about to give, it may 
therefore be taken for granted that all colour is to be put 
on most sparingly, and that its amount must not be suffi- 
cient to obliterate the least detail in the photograph. Of 
course, if a bad photograph is to be coloured instead of 
being thrown into the dust-hole, — which latter is by far the 
better course, — colour can be piled on to it to hide its 
inherent defects, but this is only justifiable when the colour- 
ing is a necessity, and there is no time to procure a better 
photograph. 

Let it be understood that this work of colouring lantern 
transparencies is not easy. It not only requires a steady 
hand and good eyesight, but it wants artistic perception 
also, — at least, to do it well. I do not say that a knowledge 
of drawing and painting is absolutely necessary to the slide- 
painter ; but it is certain that he who understands the use 
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of any kind of colours, and lias some knowledge of tlie way 
in which they can be combined to form different tints, will 
paint a slide very mnch better than one who is without 
that knowledge. Should he be quite unused to working in 
colour, he had best begin by procuring some book upon the 
general theory of colouring, so that he may understand the 
difference between a primary, secondary, and tertiary tint, 
and may learn how to combine them together. There are 
plenty of such books to be had, and very often the infor- 
mation is comprised in some of those useful little manuals 
on water-colour painting which can be had of most artists' 
colourmen. I say water-colour painting advisedly, for the 
art of slide-painting partakes more of that kind of art than 
any other ; for the reason that it deals with transparent pig- 
ments. But do not let it be imagined that I recommend 
water colours for the work in hand. I know that some 
writers have advised their use, and there is more than one 
manual which describes how slides can be painted in water 
colours. The process may possibly have answered under 
the old conditions, when the majority of lantern slides were 
made by the wet process, and when the artist had a layer of 
collodion to paint upon. But most of my readers will wish 
to colour their own productions ; and as these will probably 
consist of gelatine pictures, which any application of water 
will blister, I will at once reject that method of painting as 
being inadmissible. 

First, I will make a few remarks with regard to the- 
apparatus required, which is of the simplest description. 
A retouching desk will make a good easel (see fig. 44), or, 
failing this, one can readily be made by using a die 
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a. frame. A email school slate measuring about 8 by 5, 
with the elate knocked out, and a piece of window-glass pat ia 




its place, makes a very good eaael for slide -painting'. This 
should be hinged on to a base board with a strut at one 
side, so as to keep it at a convenient slope for working, A 
sheet of white paper placed on the base board at the back 
completes the arrangement. 

Beyond the easel we shall require a palette, and a white 
tile answers the purpose as well as anything else ; some 
brushes, a few colours, a sheet or two of white tissue paper, 
and a piece of linen cloth upon which to wipe the bmshea. 
One or two bottles containing different media will complete 
the list. The colours employed are those used by artists 
for oil painting, and which are enclosed in collapsible metal 
tubes. But, unlike the oil painter, the lantern-alide artist 
ia confined to the use of thoae colours only wliich are 
naturally transparent. To make this clear, let 1 
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that any one ignorant of the snbject were to attempt 
to use snch a colour as vermilion, which is opaqne ; it 
would appear to be of the usual vivid scarlet when seen on 
the glass, but seen through the glass, it would simply be £k 
black patch, because the light cannot filter through it. 
This being the case with all the opaque colours, we there- 
fore discard them. I now annex a list of colours which are 
at the disposal of the slide-painter, and which are all more or 
less transparent. They are not all actually essential, but 
still the artist will do well to procure them, as they will 
give him an immense variety of tints : — 

Prussian Blue Brown Madder 

Indigo Rose Madder 

Italian Pink Purple Madder 

Raw Sienna Crimson Lake 

Yellow Lake Ivory Black 

Chinese Orange Burnt Sienna 

Neutral Tint McGilp. 
Brown Pink 

It will be noticed that there as only one brilliant blue in 
this list, that is Prussian blue. For landscape work this 
blue is used, perhaps, more than any other dolour ; for skies 
always, and it enters into the composition of the various 
greens, and forms useful tints with most of the other pig- 
ments. It is not the colour which an artist would choose by 
preference with which to depict the tender tints of the sky, 
for, truth to tell, it has a greenish hue, and is rather cold 
and repellent in character ; but it is really the only blue 
which can be laid on the glass in a flat, even tint, and 



tlieivfore we nutrt make the beat of it, eucli ua it ia. We 
liavo a far larger clioice in joIIowb, for no less than four of 
the colours quoted are, in apjte of their names, yellow in 
tint, These are Itiilian pink, the moat ueefa] of all ; 
Raw eienna, not nearly so pure a colour; Yellow late, 
rather a difficult colour to work with ; and Chinese 
orange, a most valuable and rich tint. Brown pink may 
also be described as a yellow, and brown madder has also a 
great deal of the same colour in its composition. The reds 
represent a great difficulty to the slide-painter, for, although 
they appear to be very rich wlieu spread on canvas, they are 
Tery weak colours when we come to look through tliem in 
a tranapireucj. It ia next to impossible to produce a real 
scarlet as a fcranspiirent colour, but the nearest appniach to 
it can bo made by naing Chinese orange mixed wit}i crimson 
lake. A great variety of browns may be obfaiined by com- 
bining burnt sienna with the other coloura, and the ivory 
black will be found most useful in this service. The best 
brushes for general work are those of camel-hair, which 
have the further advantage of beicg cheap. But a few 
sables will be wanted for delicate markings. 

A thing of first importance ia the selection of a suitable 
medium with which to mis the tints. Canada balsam in 
turpentine is of great value. Another good one, which I 
believe many slide -painters use almost escluaively, is made 
by diluting copal varnish with turpentine, while for dark 
coloura, japanners' gold size, diluted in the same way, ia an 
escellent medium, and is of special use in the foreground. 
The colour should he mised up on the pdette with the 
medium selected with a proper palette-knife, so as to form 
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what is in reality a coloured varnish ; and this must be 
quickly applied to the picture before it has time to thicken 
by evaporation of the solvents. 

For greens, to be used mostly in foliage and for grass, 
yellow and blue must be mixed together in varying pro- 
portions. There is no such thing as a satisfactory trans- 
parent green which can be bought ready made, and suit- 
able for the purposes of the slide-painter ; but the use of 
the two colours named, if we take care to vary the pro- 
portion of each, can be made to give a great variety of 
tints. But it should be pointed out that, if used alone, this 
compounded green will be far too raw, and will exhibit a tint 
which is never seen in nature. 

We mix, therefore, with the yellow and blue, some red 
or brown, to take off this rawness. An endless variety of 
tints may be made by taking three colours only, and using 
them in different proportions, and I would advise the slide- 
painter to mix some of these tints, and put them side by 
side on a bit of glass, with a ticket attached to each 
describing their constituents. This specimen glass will be 
useful for future reference. I give in the next chapter a 
few compound tints, which can be made easily, and can be 
used for foliage, etc. 

The list of colours given will be found more than 
suflScient for all needs, and many slide-painters do very 
good work with only half their number, for there is no 
limit to the number of tints which one may get by 
judicious blending. Mathematicians are able to tell us 
the number of chances against a whist-player turning 
up the same cards on two different occasions, and we 
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know TBiy well that the odds against audi an oconrrenco 
amount to an enonuouB figarOi bnt no mathematician 
would be able to ealcukte the number of different tints 
that we can pi-ouure, even from the three piiioary colonrs. 
We have ench tints in the beautiful solar spectrum, 
but there they blend into one another so graduallj that 
no eje can count them.. 

One of the great helps to buccqbs is to obaerre the rule of 
being Tory apiiring of both oolour and medium when dab- 
bing in the aky portion of the picture ; but the painter can 
he more lavish with both when he ia dealing with foliage, 
and any broad masses of light or shade. Here he can 
oft«a use a Iwge camel-hair bnish, and can mop in the 
oolour, only taking care that he does not go over the out- 
line which circumscribes the particular portion of tlie 
picture he is working upon. In the case of a mass of foli^e, 
let him mix up the desired paint on the palette with a 
flexible palette knife, which he should always have at hand. 
This should be done thoroughly and quickly ; then let biTn 
take up a moderate quantity of this colour iu the brush and 
mop it on to the surface of the picture. For this class of 
work mastic varnish, very much thinned with turpentine, 
forms a capital vehicle. The strength of this mixture may 
be one part of maatic to six of turpentine. This medium 
keeps liquid long enough for careful manipulation, and yet 
it dries quickly in comparison with other media which 
might be named. 

Photographic transparencies are now produced of such 
varied tones that in many cases it will be found advisable 
to leave poitions of the picture quite uncoloured. With 
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chJoride plates especiaJlj a rerj wide range of tones can be 
obtained, and practically the experienced worker can pro- 
dnce a pictnre in any colonr, — {ram black, ranging ttroogh 
diHerent cliangea of brown, to red ; and even a blue picture 
can be prodnceJ on that type of plate. It is often prac- 
ticable to suit the tint, to the class of enbiect. A woodland 
scene may be toned a rich brown, for example ; and thia 
tone, which the picture possesses at the ontset, will prove 
ol great help to the coloni-ist. Many water-colonr painters 
commence their work by giving the surface npon which 
they work a yellow-brown tint, and, when that is dry, they 
commence the picture proper. It will be readily seen that, 
with a photc^rapbic picture toned in the way described, the 
slide-colourist will work under much the sume conditiona. 
The object in both caaea is to give a general warm tone to 
the picture, which, cannot be blotted out even by the meet 
careless and ignorant worker. 

It is a good practice to ezamine the slide in the lantern 
ae the rarioiia stages of the painting progress, taking care 
to protect it from dnat. For thia reaaon it ahonld, before 
being placed on the lantom-sti^e, be fnmislied with a 
paper mask and a cover-glass ; it may then be slipped iu 
a mahogany frame kept for the purpose. By this exami- 
nation under the light by which it is ultimately to be 
shown can we alone judge of its defects. It ia now that 
the dust, previously invisible, becomes painfully evident. 
The beginner will, indeed, be forced to acknowledge that 
this is an example of matter in a very wrong place. Ha 
sees up in the sky of bis landscape, which he just now 
thought would look ao very beautiful, what is apparently a 
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broomstick ; but careful exruninfttaon ahowa that it ia only 
a little piece of hiiir abont a quarter of an inch in length, 
which is magnified into the siae of the useful domestic 
appliance just mentioned, and, what ia more, these little 
bits of hair are very difBcnlt to remove. We may pcr- 
hapa, lift them witli our otching-neetlle fi-oiu the point in 
which they are embedded, hut in doing so we are pretty 
sure to leave soratchea behind which are almost as bad as 
the haire. Rits of duat are everywhere, and the only way 
in which their intrusion upon our work can he avoided is 
to devote a room to this espresa purpose of slide-painting. 
It should be nncarpeted and uncurtained, and should he 
swept with tea-loaves, or better still, with damp saw-dnat, a 
few hours before any painting is attempted. Its table and 
only chair should be wiped down with a damp dnater, and 
the same treatment should be applied to the window ledgo, 
or any projecting parts of the wood-work which may be 
near the painter as he aits at his work. The artist ahonid 
pat on a linen blouse, which ia rigidly kept for this work. 
All these precautions may seem nnnoccsaary, bnt we mnat 
observe them if we want to produce the best possible work. 
I have scon elides, otherwise well esecuted, which were 
quite spoiled by duat, and it is one of the aggravations of 
the slidepiintcr's life, that duat alwaya geta into the sky, 
where, of course, it ia more evident than in any other por- 
tion of the picture. 

Let the table upon which the operator works be placed 
near a window, preferably under a north light. Tliis 
table should be wiped over with a damp duster imme- 
diately before the work ia commenced, and it ahonid be 
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covered with a sheet of newspaper, also wiped with tte wet 
cloth. The easel is put in the front centre of the table ; 
on its left-hand side may be placed the colours, while on 
the right the palette must be within easy reach, together 
with a sheet of tissue-paper folded in four, so as to make a 
kind of pad upon which to wipe the brushes. The medium 
employed varies with the particular colour which happens 
to be in use, but turpentine forms the basis of all. A 
little cup of turpentine should stand close to the palette, in 
which the brushes can be washed, previously to being 
partially dried by being stroked gently on the pswi of 
tissue-paper before mentioned. 

Supposing that the picture upon which the operator tries 
his 'prentice hand is a landscape, the sky will be the portion 
of the slide which will first require his attention. Squeeze 
out from the Prussian blue tube a little bit of colour about 
the size of a grain of wheat, for this tint is so powerful 
that a little of it will go a long way. Near it place a little 
McGilp. • Now dip one of the brushes in the turpentine, 
mix it on th^ palette with the McGilp, and with sufficient 
colour to give the strength of tint desired. Now paint 
over the sky portion of the picture with bold, even strokes, 
from side to side. The brush will leave plenty of markings, 
ugly ridges from right to left ; but let these pass for the 
present, for we shall remove them in the next stage of 
the process. The picture should remain as it is for a 
minute or two, so as to give time for the turpentine to 
partially evaporate, when we must proceed to the 
operation of dabbing. Dabbers are made of different 
mat£)rial8 : sometiii^ it m, reoonunended to use a piece of 
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fi[i« wiisli. leather, formed into a little ball hj cotton wool 
insiilo, tied np like a amall pad. I have not found such & 
i]itlil)er to bo sntiafuctory in practice ; for the leather, how- 
over fine, leaves feathery mavks upon the colour, which, 
nltbough they are cot readily seen on the slide, become 
painfully evident when the picture is magnified on the 
Bcroen. I myself tried, a shart time t^o, to make some 
special dabbers for this work, which were composed of 
gelatine and glycerine moulded in a small cup like an egg 
oup. These dabbers, also, were not as satisfactory as 1 
could have wished, although I found that they were better 
than those of waah-leiither. The best dabber which it is 
p:issible to get is the finger. This needs a certain amount 
of prep: iriit ion. The fleah of the finger is covered with a 
number of little ridges, which we well know make what 
we call finger-marks on anything touched. Tliese ridges 
can he obliterated by rubbing the finger with pumiue-stono 
and water, or by using the pumice-stone soap, which is 
sold for the express benefit of much-soiled hSuds. A 
qnicker plan is to rub the finger a few times on very fine 
glass-paper, when the ridges quickly disappear. It is 
obvioas that the operation of rnbbirig down nmst only be 
carried to a slight extent, or else soreness will result. The 
finger makes a far more perfect pad than any artificial con- 
trivance bocause of its exqiiisite sensibility ; for in nsing it 
we both sec and feel the progress of the work. 

Commencing at the left-hand top corner, we dab with 
the finger rapidly from side to side of the picture ; at first 
it will make ugly marks, but the turpentine gradu- 
ally evaporates as the work proL'eeds, and these marks 
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blend into one another, nntil they finally disappear, and we 
have before ns a flat, even tint of colonr. The knack of 
laying in a sky cannot be gained without a great deal of 
practice ; but the operator may feel assured that when he 
has once conquered this initial difficulty half his labour 
is over. 

If we merely want a plain blue sky, — and where the 
amount of sky is small it is often expedient that this should 
be the case, — we can consider this portion of our picture 
finished with the dabbing ; but if we want to indicate 
clouds, this must be done before the colour has commenced 
to dry. Here comes in the work of the artist. From what 
I have seen exhibited in the shop windows, I conclude that 
many slide-painters classify clouds under two general 
heads, namely, large masses called " feather-bed clouds," 
and small ones, called " bolster clouds." These are created 
by means of a leather stump, moved with a semicircular 
motion, by which clouds of either pattern can be wiped 
out to order. The student of nature will, however, aim 
at something higher than this ; for he will know that no 
two clouds, of the thousands he has gazed upon, have ever 
been alike. For convenience sake, meteorologists write of 
cumulus, cirrus, stratus, and nimbus forms of clouds, but, 
in reality, although each term describes a typical form of 
vapour, they convey very little information to the mind's 
eye. Each form so constantly blends with the other to delight 
the eye, that no words can sufficiently describe the vast 
variety of cloud beauties presented to us. In attempting 
to imi -.i,te some of these effects of nature in glass-painting, 
I find that a piece of kid wrapped round a pointed stick 



IB far more Berviceablo than an ordinary leather stump 
The rottgh side of the leather should ba used aa tbe mb 
bing surface, and, by altering ite position on the stick, 
Boaietiines letting a soft ringed edge touch the paint where 
a fleecy cloud is to bo described, aiid sometimes using the 
material tightly stretched over its support where bold 
touches are necessary, a great number of different effects 
can be secured. The sky being finished, it will be couTenient 
now to put in any other parta of the pietare where blue 
or purple is required. The distant hilla can be covered 
with the sky tint, mingled judiciously with a little crimson- 
lake. Water, in which the sky is reflected, will, of course, 
be painted in with the sky colour. Shadows generally will 
also partake of the purple tint already mentioned, Tliese 
are alt laid in with the brush, ae before indicated, and, time 
having been given for the partial evaporation of the turpen- 
tine, theyimnat be gently dabbed with the finger, Nocare 
need bo taken about transgressing over other portions of 
the picture where blue or purple bas no business to be. 
These can be wijied clean with leather or stump, after the 
tiiita have been satisfactorily laid in. 




CHAPTER XII. 




ON COLOURING PHOTOGRAPHIC TRANSPARENCIES FOB LANTERN 

SLIDES {continued), 

GREAT many subjects can be advantageously 
treated as moonlight pictures, and very attractive 
they are if well done. In this case, the blue 
must be laid on of a much darker hue, and can have 
blended with it a little ivory-black. Having decided 
upon the best position for the " queen of night," that 
place should be lightened by extra hard dabbing, and 
any clouds that may be required can be wiped out at 
the sam« time, taking care that their light edges are 
nearest to the uncreated moon. The moon must not 
be wiped out, but must be picked out, film and all, so 
that nothing but bare glass is on the spot covered by it. 
To accomplish this, wait until the paint is bone dry, and 
attach to the place where the moon is to be a tiny piece of 
gummed postage-stamp paper. This should not be bigger 
than a small pea, and is merely for the temporary purpose 
of holding the leg of a small pair of compasses. I keep a 
special pair for this particular work, one leg being ground 
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80 as fo form a cutting edge. Having opened the compnsB 
to the required disfcince. plivnt one point on the paper, and 
gmdnally with the other cut through the geliitine film. 
The circnlur disc so niitrked out can now be quickly picked 
ftway, bit by bit, with the etching-needle. (Tliia needle, 
by tlie way, is merely an ordinary needle, bound to a pen- 
holder by waxed thread.) The siiine instmmont can be 
iisnd aft^wards for picking out eHective lights in the fore- 
ground ; but the great foar is tliat the beginner should 
ftbuBe the power tbus put inti his hands. The touches 
should be of the most minute description, and the operator 
should constantly remember tbat bis work, with all its 
faults, has to be magnified to a very great extent 

I need hiirdly point oat that a most effective change con 
be made by showing a landscape, first coloured aa a day- 
light picture, and then dissolving it into the same view by 
moonlight. This change requires a double dissolving -view 
lantern, the daylight picture being placed in one lantern, 
while the moonlight picture is placed in the other, care 
being taken that both pictures register ; that is to say, 
occupy exactly the same position oa the sheet upon which 
the images are projected. 

But let the beginner not attempt sunsets of the gorgeous 
order, after the manner of G. M. W. Tumor (deceased), 
until great practice has taught him the different chai-acter- 
istics of hia colours. I do not here allude to their touo 
character, but to the different ways they behave, mechani- 
calty, when applied to the slippery surface of the picture, 
and the different media required to coas them into lying 
flat. He may think that, because he knows how to produce 
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n sky-blue tint, lie has only to try the 



same pro- 



cedure \ 

briiliunt, ethereal, striped -petticoat effecfa. But, on trying 
these eoloui's, he will soon find out his mistake, and will 
also find that he must add yarnish to them before he can 
work with them at all. Moreover, they seem to be espe- 
cially prone to attract any little unconsidered trifles in the 
way of dust whicb may be seeking rest. 

I was so impressed with these difficultiea with regard to 
eanset skies, when first I began glass painting, that I sought 
for another means altogether for gaining what I wished. 
I was attracted by the brilliant hues of the aniline, or coal- 
tar colours, and at once endeavoured to enlist them into my 
service. Ae others may he tempted to work in the same 
groove, I may at once state why, after patient trial, I dis- 
carded them. Most of these colours can be readily dissolved 
in alcohol, and, therefore, it i.'^ not diSicult to make 
coloured varnishes with tbem. But when I tried to paint 
my gelatine picture with the splendid tinte, I fonnd it next 
to Impossible to confine them within the bonndaries of any 
outlines whatever. They wonid flow over the edges on 
their own account, do what I might. The fact is that these 
aniline colours have a kind of greedy afBuity for gelatine, 
and there seem to be no means of controUing their advance 
when once they come iato contact with it. By flooding 
an entire picture with a yellow or red varnish, I waa able 
to gain (sometimes) some wonderful effects. But the action 
of the dye npon the gelatine was of too uncertain a nature 
to tempt me to adopt that method of working as a perma- 
nent resource. Lastly, aniline colours are fugitivo. 




J 



162 THE BOOK OF THE LANTERN. 

Hitherto I have regarded the picture as possessing a 
plain glass surface to represent the sky, and this will be 
found to be the case with most photographic slides. But 
we all know that a plain white sky in a photograph is, from 
an artistic point of view, an abomination. By the simple 
process of colouring we get over the difficulty ; still, if we 
can produce upon a photographic transparency natural 
clouds either existing in the original negative by the virtue 
of a properly-constructed shutter, which will only give a 
fraction of the normal exposure to the sky, or by a system 
of printing-in from a separate negative in a way that need 
not be de^ribed here, it will be a great artistic gain. In 
colouring such a sky the painter has a great advantage, for 
irregularities in laying on the colour, which would other- 
wise be distinctly visible, are hidden by the details of the 
clouds in the picture. 

In colouring such a sky we may commence, as usual, by 
dabbing on the blue in the spaces which represent rifts 
between the clouds, and we can then add tender tints made 
up by mingling such colours as crimson lake, and the 
various yellows at our disposal, and we can also add to the 
richness of the general effect by putting in different tones 
of lavender, mauve, and purple, made up with crimson lake, 
the madders, and blue. These colours, after the blue has 
been dabbed on, can best be painted in with the brush, 
using as a medium Canada balsam in turpentine. This is 
a good, quick-drying medium, and it has the advantage of 
being so pale in colour that it will not i*ffect the most deli- 
cate tints. 

Before proceeding farther with the work, the picture 
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shoTild be dried by heat, — and there are many means of 
doing this. An oven, not too hot, will do what is neces- 
sary, but it is uncertain, for the heat may rise to such a 
pitch that picture, gelatine, and all will curl ofE the glass. 
A tin biscuit canister, divided into grooves, and placed 
(dutch oven fashion) in front of a good clear fire is better ; 
but the best plan that I have tried is the following : place 
the glasses to be dried upon a flat iron plate above a gas 
stove, the heat of which can be regulated. Upon the top 
of the plate put a frame of wood, covered with fine muslin, 
to keep off the dust. About twenty minutes of such treat- 
ment will make the layer of paint on the glass so hard 
that it can be worked upon with other colours, or sub- 
mitted to the moonlight operation as already described. It 
is during the operation of laying in the sky, &c., which may 
be comprehended under the term " first painting," and the 
subsequent drying, that access of dust must be carefully 
guarded against. 

Lantern slides, by whatever photographic process they 
may have been produced, will stand a great deal of heat, 
and they can be made hotter than the hand can con 
Teniently bear with impunity. This heat may be con- 
tinued for about half an hour, and it will be found that 
it has a kind of japxnning effect upon the oil colours 
employed ; indeed, the colours are by this means made so 
hard that it is difficult, if not impossible, to remove them 
afterwards without at the same time destroying the photo- 
graphic image beneath the pigment. 

After the sky has been dried in the manner described, it 
can easily be deepened^ if found necessaryy by the applica- 
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tion nf a little more p^int, which need not b« applied witt 
a brnab, but chu be simply diibbed on with the finger. 
Some very good effects ure often piissihie by this second 
painting, especiiiilly when the aky is deepened, in the 
manner described, at ite upper part or zenith ; such a 
deepening, it will be readily seen, being in atrict accordance 
with the Bky of nature. 

A blue sky with whit« clouds formed by the simple 
operation of wiping ont the colour, and leaving the clear 
gelatine, Ja by far the eusiest kind of sky to praduce. It can 
be modified in various ways by working other colours upon 
it near the horizon, — such aa red or black, most sparingiy 
bestowed, or the zenith tint can be strengthened after the 
slide has been dried. A moat effective sky is that which I 
may coll the ordinary summer twilight Bky,^that is to say, 
the deep blue at the zenith, fading gradually to a lighter tint 
until it merges into bright yellow or orange at the horizon. 
Such a sky is not difficult to produce. The best way will 
be to commence at the horizon by dabbing, without the 
use of the brush, Italian pink on to the glass ; a very little 
colour being applied to the finger, 
merest trace of medium, such a 
tine. This mnat be diligently di 
its fitiekiness almost disappear 
left without any hard lincR. 



■, with the addition of the 
.8 Canada balsam, in tnrpen- 
i upon the glass until 
rs, and its upper margin is 
1 the finger should be 



washed in the cup of turpentine which the painter should 
always have at his elbow, and the blue may be applied to the 
upper part of the picture in the ordinary way, and dabbed 
down until it almost touches the yellow which has been 
previously Uid on. Once more wash and dry the dabbing 
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finger, and then use it, witbout acy frosli appHc;itioa of 
paint, to merge the two colours into one. In this way 
it will be found, lifter a little pnuitice, that u good j'nnction 
can he mude, and thiit one colour will esbiljit a regular 
gradation into the other. If this work is well done, the 
eSect will be found to be a most pleasing one, and sliould 
not be meddled tvith by the addition of clouds. 

Onr piiinting has now progressed to a certain st«ge. The 
sky hiia been laid in, the clonda hapo been wiped ont, and 
the shadows have received a delicate purple tint. The 
whole has been submitted to a baking' operation, by which 
the attached colours are made ao Lard and firm, tliat it 
would be difficult to remove them without destroying at the 
samo time the gelatine film upon 'Eviiich they are superposed. 
We now place this unfinished sketch again upon the glass 
easel, and will endeavour to turn it into a finished pictnra. 
It is at present what Mr. Whistler would call " an arraoge- 
mont in purple and blue." We will endeavour, by working 
over these tints where required, and by adding others, to 
produce a general harmony ot effeet, as nearly approaching 
to nature as possible. 

Any one possessing artisHo feeling, — and no one without 
that faculty will make a reallygoodsUde-painter, although he 
may easily come up to a common standard,^ will, on first 
looking at the subject for oolonriug, make up his mind as 
to the way in which he means to treat it. He will arrange 
to have a cloud mass in one place, — possibly to relieve a 
church steeple or other high building, — or a bright horizon 
where, possibly, lights are to be seen through tangled 
nmsaes of foliage ; or in other ways he will have in bis 



mind a definite programme to follow out, ancJ will do hia 
beat to achieye it, and will do 80 with more or lesa 
Buccesa. But, through all, he must bear in mind that his 
picture will eyentnally be highly magnifled, and that the 
liifiat blcminh will be mngnified too. In no art, perhaps, 
CMi a man learn more by repeated failures (failaros 
which should be, from time to time, submitted to the 
searching light of the lantern) than lie can in thia art 
of Blide-painting. 

The worker must constantly remember that the effective- 
ness of his picture is dependent far more upon contrast 
than upon the tone of any particular tint. Without con- 
trast his colours will bo tnoauingless and poor, although, 
individually they may present brilliant hues. The rule 
governing contrast of painters' colours, — i.e., colours which 
are complimentary to one another,— is m.ost simple. Here 
it ia in a nutshell. The three primary ooloura are rod, bine, 
and yellow.* Ani/ two of these mixed together form a 
secondary colour which is compUmcntary to the remaining 
primary. For example ; — Red and blue mingled form 
purple. What better contrast to purple can there be than 
yellow,— its compUmentary, — being the primary which ii 
left out of the combination ? Again, blue and yellow form 
green, and green ia complimentary to red. Once more. 
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produce an effective picture with three colonrH than can 
oue ignorant of it, ftlthough be may have the nm of all 
the artiste' colour-shops in the kingdom. Ha can never go 
far wrong if he wiU, so far as the flubject will allow, place 
green against red, orange near bine, and yellow in conjunc- 
tion with purple. A subject, such as an Orientnl street- 
scene or bazaar, wbei'C such combinations can be made 
withoat Btint, has a most gorgeous efEect when projected 
upon a screen. Each of those colours am at the same tim* 
be mingled to give an endless range of tints, — in fact, all 
the colours of the rainbow. And now let me give a few 
hints as to finishing colours and combinations useful for 
special purposes, together with the best media with which 
to mil them. In these finishing colours the dabber, except 
in extreme cases, must be relinquished, and the brush 
{camel ha.ir and sable) alone employed. 

SAies and Clouds. — Prussian blue {some prefer Chinese 
blue), rose madder, pnrple madder, Italian pink. The blue 
to be laid on as already described, using as a medium 
McGilp and turpentine. In laying on after tinta a small 
quantity of copal varnish should be added. 

Water always reflects the colours above it. If the water 
be very still, the effect of surface may be given to it by 
drawing gently across it a dry (mop) brash, such as gilders 
use. In brooks and running streams, lights may bo picked 
out while the colour is wet, with' a pointed stick, or when 
dry with the etching-needle. In representing rough sea, 
we most remember that such water not only reflects the 
colour of the sky above it, but shows also its local colour. 
It may first be painted over with the sky colour, and, after 
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baking and drying, thia can ho worked upon with Twrions 
shadeti of yellow, blue, brown madder, and indigo ; medium 
Canitdn balsam varnisli, McGilp, and turpentine. 

Boalf luid Shipping. — Black, raw sienna, Vandjke 
Iirown, bnrnt sienna, Chinese orange, indigo,— indeed, 
nefirly all tlie colonre available. Medium, same as last. 

Foliage. — For foliage we are limited for our greens to a 
mixture of Pmesian blue and the yarioue yellows, namely, 
Italian pink, raw sienna, and brown pink. But these wilt 
give endless variety of tones, particularly when aided by 
other colours. Here are a few examples : — 

Jtlii , Italian pink, and burnt Bienna. 

Italian pink, Vandyke brown, and indigo, 

Italian pink and brown madder. 

Brown madder, Italian pink, and indigo. 

By adding Chinese orange to any of these, autnninal 
efiects are readily obtained. Media, Canada balsam vnr* 
nish ; and for the darker colours, gold size. N.B. — These 
various combiiiifctions should be made up on the palette, 
as required, with the help of the palette knife. 

Foreground. — It is here that the artist can employ all 
the treasures of his palette. Let him remember that any 
particular colour can bo easily modified by glazing another 
colour over it. This is done after the first colour is dry 
by miiing a second tint, which may be applied above it. 
The medium for this varnish will vary with the glazing 
colour employed, Canada balsam will do for most, but 
where reds are used, which are slow driers, the medium 
should be gold size. 

Let the painter ever remember that force of colour can- 



TEE BOOK or THB LIMTCBS, 169 

not b« obtained by piling on masses of pigment, wliicli will 
natarally serve to ohscnre the detaila of the pliotograph 
npon which snch pifijment in pluced ; bat this foree of 
coloar eaa be easily produced by judicious contrast of differ- 
ent tints. As I hiive before observed, the student nmst 
make himself master of the art of colouring, if possible, 
before be commences its practice. Some years ago there 
wna published an excellent series of little books, coating 
only a few ponce each, giving cbromo-litbographic esamplea 
of varions simple studies in water-colour painting by 
Callow and other artists, under the title' of " Vere Foster's 
Drawing Books." These books, I believe, are still to be 
had,— at least, I hope so, for they are full of merit, and 
give more valuable instruction than many works of fai 
more pretension. Tliey give specimens of water-colour 
8kot::hea, unfinished and iinished, side by side, Perbapa 
the former are the more valuable for our present purposes, 
for they exhibit merely broad masses of colour, and show 
how one tint can be made to contrast with another. It 
will be seen in some of these pictures that a blue sky is 
contrasted with orange yellows in the landscape beneath; 
and how, on the other hand, a yaJlow sky can bo rendered 
at once effective by purple hills apon which it seems to 
rest. 

When the picture is entirely finished, it may be once 
more submitted to the baking operation, taking care ihat 
the heat never rises to blistering point, or all the labour 
spent on the slide will be thrown away. The picture may 
now again be placed on the easel, and if the artist has 
sufficient reliance upon his power of knowing when to stop 
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lie nutj vith adrantage talce up the etehing-needle ; ■om*< 
times & single touch of this magic wand will much improve 
a pioti^^ In forest scenery, for instance, a light on a 
trunk, or on a protruding branch, will make the one or the 
other to stand out almost stereoscopiotllj. Now and then 
too a little spot or two may be picked out of tbe foliage 
itoelt But not in the manner I lately saw in an exhibited 
slide, where curly lines, after the drawing-master style of 
former days, were made to describe the edges of the trees 
in every direction. This was actually perpetrated upon a 
good photograph, and represents the worst instance of 
" painting the lily " which I have had the migfoi'tune to 





CHAPTER XIIT. 

DBSCBIPTION OP VARIOUS EXPERIMENTS, — CHEMICAL, ELECTRICAL, 
ETC., — FOR CLASS INSTRUCTION, WHICH ARE POSSIBLE WITH 
THE LANTERN. 

OR different experiments, various forms of slides 
must be employed. The galvanometer slide, 
shown at fig. 45, is an extremely nseful 
one for demonstrations in electricity and magnetism. 
I need hardly mention that such a slide consists of 
a magnetised needle, which is surrounded by a coil 





Fig. 45. 



of fine wire. This coil is flattened, and there is just 
space enough between its convolutions for the needle 
to move from side to side. It is supported on 
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rt iH'iiti-tkl pin, whioh U ahown by the screw slit in the cnt. 
A |MnA of ^likM of ft atjuiiuircnlar slinpe fariDB a bftck- 
Kitxiiiil fur lliu UKOiItt); nnd this ^Insa ran either be left 
)ili«iii, iM ill t.lii> ilhiHtmtion, or it cnn have drawn upon it a 
i>i>aI(i, Tlipxlidi' li)rurt-ii is wittiout the arntngement just 
niontitin<<d, tuiH it ia ono thnt I have employed for » special 
pnrpoae. 1 hitvn naod it as a means of deniaustratiug the 
ttotion o( tile needln telfi^n^ihic instrnment; and it will 
lx> iioliivil thnt tno UiUe buttons are bstened to the 
IfWn ill or\\vr In [irovent Uia needle making too wide an 
wtonrtiion. 

It mny ho mftnUnncd h«re (or the benefit of tiioee who 
to* vnuaed to vlmtnosl instrunnts, tkU » galvuooieter 
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wM al Ih* «|MkMMf> far abM* U «mL TAa wuA m 
^ Mi Uid it Mm «ilh anml kj« of fiM »n^ 
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form the basis of the single needle electric telegraph, and 
it is to demonstrate the powers of that telegraph that the 
lantern galvanometer, vrhich 
is here figured, has been 
devised. It will be noticed 
that on itfl right-hand side it 
is furnished with two ter- 
minals. These are connected 
with the ends of the coil 
wire, and provide a means of 
readily joiningtheinstrunient ^^^ ^ 

up to the battery, placed in 

any position onteide the lantern ; but in practice it will 
be fouud advisable to also place in connexion with this 
alide and itd battery a little piece of apparatus which may 
be called a "cnrrent reverser," which can easily be made 
at home. It is shown in fig. iG. It consists of two 
little treadles formed out of brass. This brass, it may 
be mentioned, should be of the hard-rolled kind, saoh as 
is used for springs. 

E^ach of these little treadlea is fastened down to a maho- 
gany b rd, which forms the base of the instrument, and 
each 0"0 is in connexion with a terminal screw, whioh is 
indicated in the cut by a round dot. Across the other end 
of the treadles ia a raised bar of brass, against which they 
spring up and touch when in their normal condition; but 
when either of them is pressed down, it tonohes a piece of 
brass wire which is let into the top of the mahogany board 
immediately underneath. 

This wire, ae well aa the piece of brass just mentioned, 
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is connected with its own ti^rminn,] ; these two hitter f«r- 
minals in the cut being letl«rt'd hh, and signifying thiit 
they should be joined up to the biitt«ry emplnyod. The 
other two, which are lettered gg, are fastened to the 
tenninnls on thfi gaWanonieter elides. 

In practice it is host for the current reverser ha be placed 
on the lectnrer'a desk, at some distance from the lantern, 
while the galvanometer slide is joined np by means of tem- 
porary wire conneiionfl. The lecturer then has the power 
<A reversing the current by touching with liis finger either 
of the two treadles, and he can demonstrate in the moat 
perfect manner how the different letters in the tele- 
graphic alphabet are made np of movements of the needle 
to the right or left, as the case may be. He can also point 
ont that the " dots " and " dashes " of the Morse system 
correspond with these right and left hand movements of 
the magnetic needle. 

In the old days of the Polytechnic Institution in Rt^ent 
Street, which was the resort of so many delighted schoolboys 
and girb, tiiei« were several experiments performed vrith the 
lantern which, so far as I know, have not been repeiited 
kewhere. One of the most curious was the movements of 
the legs of a frt^. This is rather a difficult experiment tc 
perform, bnt when well done, is highly effective on the 



At the Polytechnio the frog's legs covered the lai^e 
screen, and were thus magnified to about 26 feet. The logs 
were hung to a special form of slide, and the nerves and 
muscles of the dead fri^ were touched with metallic wires, 
when they immediately kicked out in the most startling 
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manner. The importance of this experiment, as a demon- 
stration, will be acknowledged when it is remembered that 
this movement of a frog's legs, accidentally brought about 
by Galvani, laid the foundation of our present knowledge of 
current Electricity or Galvanism, as it used to be called, 
after that first experimenter. 

Another most effective experiment was shown in con- 
nection with a lecture upon the Suez Canal by Professor 
Pepper. After exhibiting a number of experiments upon 
sand, and showing that it always fell at a certain angle, 
and exerted lateral instead of perpendicular pressure, 
an image of an ordinary hour-glass was cast upon the 
screen. This sand-glass was supported in a frame, and its 
sides were flattened so that it could fit the lantern stage. It 
had rather an amusing appearance, because like all instru- 
ments placed in the lantern, the image was inverted, and 
the sand therefore appeared to flow upward instead of 
downward. A curious fact, too, was noticed when this" 
familiar instrument was magnified to such an enormous ex- 
tent, each particle of sand was seen to strike a blow upon 
the top of the cone above, and the force from that blow 
passed from the point of the inverted cone to its base, and 
formed a peculiar wave-like figure in its passage. 

I have never seen this experiment repeated elsewhere, 
but it is one that should not be forgotten. 

Among the experiments which can be performed by 
means of a lantern, and better performed, — so far as an 
audience is concerned, — than by any other means, are 
those relating to cohesion figures. Professor Tomlinson 
was the first to give much attention to these interesting 
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fig'Drea, ftnd he mode mnny experimcntB in this direction. 
Ho found that nlmost all the common oils and fata give 
natural dia^rama bj whiuh they can be identified ; and 
further, that these figurea will vary, according to the length 
of time for which the oil haa been exposed to the air. To 
get some idea of the nature of these beautiful figures, a 
drop of pure sperm oil may be allowed to full on the sarface 
of a pan of water. It will be seen in a few seconds that 
the film of oil will break up into a number of little open- 
ings, and that it will exhibit a pattei-n of great beauty. 
Bape oil, Lucca oil, and some others, give patterns of en- 
tirely different deiigns ; some of them very much resembling 
beautiful crochet-work. In order to show these patterns 
in the lantern, we have two or three different methods of 
going to work. We can eshibit these cohesion figurea, for 
instance, by the simple aid of two piecea of clear ghwss. 
Between two such plates put a little vaaeline, which in 
order to increase the eflect on the screen may be coloured 
red withalkanet root. The plates are pressed together, with 
the vaseline between them, and are then secured by a ring of 
india-mbher at each end. They are then put into the lan- 
tern, and while standing upon the lantern stage the blade 
of a knife is inserted between the two glasses and gradually 
turned so that they are slightly separated. The effect 
upon the screen is very beautiful, the disc appearing to be 
covered with arborescent figures. This experiment may bo 
repeated more than once, but the vaseline will require 
renewal after a time. Another mode, and perliapa a better 
one, of showing the same phenomena, is by meana of the 
vertical attachment to the lantern. In this case the 
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lantern slide mnst take the form of a shallow box, having 
a glass bottom. Snch a box can easily be made by fit- 
ting a piece of thin glass, say, 3| inches square, into 
a frame of wood half an inch in height, and cementing 
the glass in a groove with marine glue. The glass 
cell so provided should be placed in a horizontal 
position upon the stage, and be filled with water. Dif- 
ferent oils can then be dropped on to the surface of the 
water, and the characteristic cohesion figures due to each 
will be thrown upon the screen. If this latter mode of 
showing the phenomena be chosen, it is obvious that a 
difEerent glass cell must be used for each oil exhibited, 
and I think that it would be quite possible to produce 
lantern slides direct from these oily cohesion figures; 
although I have not experimented in this direction Inyself. 
The principle employed would be that of " Lithography." 
The oily figures might be transferred to a piece of glass 
direct from the surface of the water. Those figures could 
be darkened to any extent by employing a greasy printing 
ink, taking care to wet the glass so as to repel the ink ; 
but this is a matter into which I cannot now a£Eord space 
to enter, and I merely allude to it as a field for profitable 
experiment. 

Many pieces of apparatus have been devised for the 
lantern, which exhibit the principle of what is known as 
" persistence of vision." In order that we may thoroughly 
understand in what this principle consists, I may men- 
tion that the human eye possesses a peculiar property 
which is highly convenient to its proprietor. What is 
meant by ** persistence " is that the retina has the power 
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of retaining the image of tinything seen for at least on«- 
eighth ]i!irt of a sec d after tlie eye ceases to Bee that 
object. 

Aa an example of this, let me remind m.7 readers, that 
although iu the ordimiry coarse of things, we are con- 
tinually " winking," an operation which is necessary to 
Inbricnte the eyeball, we are quite inaeuaible of the oir- 
curaatance that for the time occupied in doing so, we are 
placed in absolute darkness. Although the eyelids are 
closed and the light is shut out, we have no perception of 
darknMs, simply because of this curious property possessed 
by the retina of retaining the image of the object last seen, 
for at least the eighth part of a second. It is for this 
reason, — I may also point out in piissing,-^that so-called 
instantaneous photographs of moving objects, such as a 
"trotting horse," &c., appear to ns (o eihibit such very 
unnatural attitudes. As a matter of fact the photographic 
camera records movements which the human eye, on account 
of this " persistence of vision," cannot appreciate. It is 
evident that if this doctrine bo true, the eye cannot appre- 
ciate a movement which takes place in less time than the 
eighth part of a second, and it is because the photographic 
lens can grasp and record the movements which take place 
in a mere fraction of that time, that the attitudes it depicU 
appear k> us so highly unnatural. The human eye has 
never seen such attitudes, and never will see them. 

Perhaps the simplest illustratioa of " persistence of 
vision " is afforded by a burnt stick with a red hot end, 
which ia turned rapidly round in front of the observer ; 
to that observer the red spot of light looks like a con- 
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fcinuons ring of fire, but we know well enough that it is 
simply a spark. It is the rapid movement helped by this 
" persistence " of the retina, that causes the spot of light to 
appear to us as a continuous circle. So it is that heavy 
rain drops, — which we know very well are independent 
globules of water,— ^appear to be like streaks falling from 
the sky, and like streaks artists invariably depict them. 
And rightly so, too, for we do not wish artists to bring 
before us representations of things as the eye cannot see 
them, but of objects as they appear to us under ordinary 
conditions. For this reason the claim which has been made 
in some quarters, that the unusual attitudes depicted by 
instantaneous photography, should be a help to artists in 
their delineation of animal movement, appears to be ex- 
tremely nonsensical. Such attitudes may certainly be 
studied by artists, as a means of showing how the various 
movements are brought about, just as he would study the 
skeleton of a man, in order to get a better notion of the 
outward form of the body; but both should be kept as 
studies, and certainly not introduced into finished works. 

The kaleidotrope consists of a disc of perforated cardboard. 
It is supported on a spring of wire in such a manner that it 
can be rapidly turned round by the finger as the frame in 
which it is contained stands upon the lantern stage. The 
other end of the spring is cemented to a plate of glass so 
that the light can easily travel through the perforations in 
the disc and be rendered evident on the lantern screen. 
As this card is struck with the finger so as to cause it to 
move and vibrate on its spring in difEerent directions, 

the spots of light on the screen by their movement assume 

N 2 
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» great Tsriety of onrvea. It will be thoa seen that this 
inBtminent airaply givea a variatioa of the bnrnt-stiok 
expei-inient already alluded to. 

Mr. Betile, of Greenwich, hiks inrented a most ingenious 
ftnd ivmusiog appunitus for the lantern wlitoh also depends 
ttpon " persistence of vision." This is called the chorento- 
acope, aiid is made in two different forms. In he more elabo- 
rnteshapeitconaiataof acirenliirplate having npon it figures 
drawn upon glass, and so arranged with their limbs in 
dilTurent attitudes, zoetrope fashion, that when one fignre 
is rapidly changed for the other, the imi^e seems to be in 
actual movement. The contrivanee is so arranged that 
before the figure actually changes a little screen obscures 
it for the moment, so that the movement of the disc is not 
apparent upon the sheft. Mr. Beale haa of late years 
BJinpIified tins instrument. In this case the figures are 
painted upon a slip of glass about seven inches in length, 
and by means of a special form of slide they are rapidly 
brought in front of the lens in the manner just described. 

The most effective set of figures of any is a skeleton, the 
reason being that it consists only of white on black. 
Such figures can therefore be cut ont, stenuil fashion, in 
a sheet of thin coi>[>er-foil ; the openings in this plate per- 
mitting a far larger amount of ligjit to reaoh the screen 
than if the figures were drawn upon glass. 

Another far more perfect and elaborate device for illus- 
trating the phenomena connected with persistence o 
vision is an instrument called by the somewhat ponderous 
title, — the Astrometeoroacope. The inventor of this clever 
niece of apparatus was the Hungarian mechanician, 
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S. Pichler, who designed various other ingenious contriv- 
ances. He was very jealous about this astrometeoroscope, 
and the only one made was at the Polytechnic Institution, 
where it was carefully kept under lock and key, except 
when in actual use. When the apparatus of the institution 
came to the hammer, I remember that there was some 
little excitement when the astrometeoroscope was put up 
for sale. Opticians and others would have been glad to 
get hold of it, so as to have multiplied it for sale. This led 
to a brisk competition, ending with Mr. Pichler giving an 
extravagant price for his own bantling. And in that way 
the secret remains in the hands of a few only, and perhaps 
it would be unkind to divulge it. But, at any rate, I 
cannot do much harm by giving a general idea of the out- 
ward appearance of the instrument and its capabilities. 

The astrometeoroscope consists of a narrow box thirteen 
inches in length, and of such a width that at one end it 
will fit the stage of the lantern. At this end it has the 
usual three-inch disc opening, which is occupied by two 
plates of metal which are scored across obliquely with slits 
and which are superposed one on the other, so that the 
slits on each cross one another diagonally. Now it 
is clear that the only places where light can pierce 
these plates of metal so as to make itself evident on 
the screen is in those places where the slits on the plates 
intersect one another. The effect on the screen, therefore, 
whilst the instrument is quiescent, is a series of dots of 
light all over the screen, but at regular distances from one 
another. By very ingenious mechanism the two plates are 
caused to move to and fro in contrary directions, and the 
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speed of eitber can be varied at will by tbe operator. The 
effect upon the screen ia most curious, for it seems to be 
covered with a lacework of geomBtrical patterns which 
constantly change their form. 

A very favourite experiment with the lantern, but one 
which it ia by no means easy to perform, is the decomjKisi- 
tion of light by means of a prism. For the most perfect 
effects the electric light is necessary, but as this is beyond 
the reacli of most of us, — at any ral«, for the present, — we 
must be content with what can be done with the ordinary 
limeliglit. The simplest way of showing the spectrum 
with the lantern is to remove the objective and to place in 
the lantern stage a card with a slit in it, as 

■ shown in the cut (fig. 47). This slit should be 
about an inch in length, and not more than 
one-twentieth of an inch in breadth. The card 
should be placed on the stage of the lantern ia a 
Pig. 47. i^^riuontal position and focuBsed upon the screen 
in front. A prism is then brought into the path of the 
slice of light thus formed, 
and it will be so far bent 
aside as to exhibit the 
colours of the spectrum on 
the ceiling of the room 
(fig. 48). 

The prism will require a little turning about before this 
result is arrived at. But at the best this method of show- 
ing the spectrum is but a makeshift one ; it presents, 
however, an easy method of demonstrating the decom- 
position of white light. A preferable mode ia to use a 
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bisulphide of carbon prism. This takes the form of a 
stoppered bottle with two sides ground awaj and filled in 
with plates of glass, which are cemented to the re- 
mainder of the bottle. In this way the wedge fornt 
of the prism is secured. The bottle is then filled with 
bi-sulphide of carbon, and such bottles, ready charged, can 
be obtained at the opticians'. A great objection to them 
is their liability to breakage, for bi-sulphide of carbon, 
beyond being a most inflammable compound, has a most 
disagreeable and pungent odour. 

In using a prism of this description, it is kept upright 
and supported in front of the lantern. The slit in the card 
must in this case be vertical, instead of horizontal, and the 
lantern must be placed at such an angle with the sheet 
that when the spectrum is rendered visible it appears in a 
central place on the sheet. 

There are several means available for showing on the 
lecture-table that the various colours of the spectrum will, 
when combined, once more form white light. Thus we 
may place in the path of the coloured beam a double con- 
vex lens, which will at once bring the scattered rays to a 
focus, and will form a disc of white light. We can ^Iso 
recompose light by collecting the coloured rays by means 
of a concave mirror, when a card held in the focus of the 
mirror will exhibit a brilliant spot of light free from 
colour. Another method is to use two prisms placed 
against one another, thus — Av> when one will neutralise 
the effect of the other, and the emergent beam will be 
white. Yet another way of recomposing light is to use a 
number (generally seven) of plain mirrors, which are so 
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placed upon a etaiid tliiit they can each be tamed in &aj 
required direction. The spectniin is nJlowed to full upon 
this Bjstem of mirrors, and en.oh one ia so turned npon ita 
axis that the particnLir colour which it reflects is thrown 
npon one spot. The collective images of the Tariona 
colours then appears as a white disc. 

The methods thna detailed are all good, but cannot 
readily he applied to the lantern. A way of doraonstratiiig 
the rocompoBition of light with that instrument has 
recently been published in America, by Mr. G. M. Hoji- 
kins, and the following remarka are boiTowcd from him. 
After detailing the various known mctliodfl of recomposiiig 
light, he Baya ; — "Besides these melhoda, theHpeclrura has 
been recombined by whii'ling or rocking a priam ; the move- 
ment of the spectrum being so rapid as to be beyond the 
power of the eye to follow, the retina receiving the imprea- 
Bion merely as a band of whito light, the colours being 
Bnited by the superposing of the rapidly succeeding 
impressions, which are retained for an appreciable length 
of time. The engraving ahowa a device to be used in 
place of the ordinary rocking pi'iam. It is perfectly 
aimple, and involves no mechanism. It consiata of an 
inexpensive prism, having attached to a knob on either 
end a rubber band. In the present case the bands are 
attached by making in each a short slit, and inserts 
ing the knobs of the prisia in the slit. The rubber 
bands can be hold by inserting two fingers in each and 
drawing them taut. The priam can then be held in a 
beam of eunliglit, and with one finger the prism is given 
_ wi oscillating motion. The band of light thus elongated 
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will have prismatic colours at opposite ends, but the entire 
central portion will be white. To show that the colours of 
the spectrom pass over every portion of the path of the 
light, as indicated by the band, the prism may be rocked 
very slowly. 

"By inserting four screw hooks in a vertical support, and 
stretching the bands over the hooks, the prism is adapted 
for use with a lantern. The light emerging from the 
lantern must pass through a narrow slit to secure a per- 
fect spectrum, and between the screen and the prism 
should be placed another screen with an oblong aper- 
ture, which will allow all of the band of light to appear 
upon the screen, with the exception of the coloured 
extremities. With the prism supported in this way, it is 
an easy matter to turn it slowly back and forth, showing 
on the screen the moving, spectrum, which, with the more 
rapid movement, produces the pure white band of light." 

The recomposition of light can be well shown in the 
way just described ; but perhaps a more ready and effec- 
tive, if not quite so scientific, a method is to use a coloured 
disc, fitted as a lantern-slide, with a revolving arrangement 
similar to that used for chromotropes. 

Newton's disc, as it is called, consists of all the colours 
of the spectrum, painted in transparent colours, in their 
right proportions, upon a revolving disc, and as this 
disc is rapidly turned in the lantern, the various 
colours projected upon the screen in front mingle together 
on the retina, and the general effect is that of white 
light. It may happen that a lecturer may touch 
upon the study of spectra without wishing to burden him- 
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Bolf with tho necessary appnratuB for Blowing them upon 
the Bcreen. Or he may be employing it large bntem to 
illustnito other parts of his lecture, which would be quite 
nufluitable, — or, itt any rate, would have to be re-arranged 
before a single apeiitram ei]>erinient could be shown. 
Feeling this want myaelf, I devised a plan for showing 
spectra di^ramatically with an ordinary biunial lantern. 
{It will presently be seen that a double lantern is a neces- 
sity for this particular manner of woi'king), and I have 
found the method adopted to answer admirably. A speciftl 
set of slides is required, but tbese are not at all difiicnlt 
to make. They must be home-made, for they are not to 
be bought at present, although one well-known optician 
was BO pleased with the idea when I described it to him, 
that he expressed bia inteul.ion of manufacturing slides of 
my pattern. The first of the set ia a photographic slide 
showing Kewton'a well-known eiperimeut with, a prism, 
traversed by a beam of light admitted through an aperture 
in the shutter of a darkened room. The next slide is a 
simple-colonred band, or continuous spectrum. This is at 
length, replaced by a similar band, no longer continuous, but 
crossed by the principal Frauenhofer lines, whieh are duly 
marked above with their own diatinguisliing letters. Such 
a Bpectrum can be copied from any work on optics, and 
drawn and coloured on ground-glass, as explained in 
another part of this book. We must now prepare a set of 
slides to serve as " effects " for this hist spectrum slide, 
and which will consist of simple bi'ight lines. The niost 
simple of these would be tliat dne to the metal sodium, 
wfaich would consist of a double yellow line, to a^ea in 



THE BOOK or TBI LANTERN. 187 

position with that marked D in the spectmm-slide. To 
produce such a slide it is only necessary to paste over a 
piece of glass a piece of stout black paper, and to cut 
out with a 'sharp knife, when the paper is dry, the line 
required. A little varnish colour over the cut-out place will 
complete the slide. In using this " effect " the audience 
should have explained to them the theory which seeks to 
explain the reversal of the lines in the spectrum, and at 
the right moment the spectrum-slide is so far darkened 
by moving the lantern-dissolver, that the clear sodium 
line shines out brightly over the spot occupied before by 
the dark D line. I need hardly say that the two slide* 
must be in perfect register, or the effect will be spoiled. 
The spectrum-slide can now be once more exhibited, and 
another bright line example placed in the other lantern 
ready to be made risible as the sodium one was just 
now. The spectra of all the different metals can thus bo 
illustrated by the bright lines which they afford. Hie 
method may perhaps be considered rough, but the effect is 
stiu-tling, and few among a general audience are able at 
once to realise how it is done. 

Double refraction can be shown on the screen in th© 
following manner : A. card with a simple perforation about 
one-eighth of an inch in diameter is inserted on the lantern- 
stage, and its image is focussed on the screen. A crystal 
of Iceland spa is then placed between this card and the 
objective lens, and two spots of light will become apparent 
upon the sheet. 

It may be mentioned here that in all experiments where 
colour is required it is better, if possible, to use ooloured 
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getntiite than any other medium. Ordinary colonred glass 1 
ftbsorbs so mnch light that it is of very little nse in lantern " 
experiments ; nnd if the operator will try the effect of 
coloured glass and coloured gelatine side by side he will 
be surprised at the advantage gained from neing the latter. 
There is one objection to gelatine, and tiat is, if a very 
powerful limelight be used it is apt to be affected by the 
heat ; but this ia only the case if the medium in question 
is kept for a protracted time on the lantern-stage. 

A targe number of experiments illustrating the theory 1 
of colour and the laws of complimentary tints can be 
arranged by means of pieces of cardboard with different 

Snoh examples will easily snggest themfielves to any 

theory of colour. I may mention here a simple arrange- 
ment for showing the way In which the retina becomes 
fatigued by looking at an object for some time. 
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Another method which illustrates the tiring of the 
retina, and which also demonstrates the law of compli- 
mentary colours, can be shown thus : — 

A card having a round opening in the centre, filled in 
with red gelatine, is placed on the lantern stage, and its 
image allowed to remain upon the sheet for some little 
time, the attention of the spectator being concentrated 
upon it. The gelatine is suddenly removed, when al- 
though the image of the opening .is of course perfectly 
white, it appears to be green, because the retina is tired 
by its exposure to the red, and can only for a time appre- 
ciate the remaining colours of the spectrum, which mingled 
form green ; of course, any primary colour can be chosen 
for the experiment, and its complementary tint will be 
made manifest. This is but a variation of that advertise- 
ment which has been so common in our streets for some 
time, where the onlooker is invited to gaze upon cer- 
tain colours for so many seconds, when the image of the 
coloured letters looked at will appear, but in their com- 
plementary tint, upon the blank space above. 

For experimental work with the lantern, a special form 
of instrument should be used. I have lately seen a form 
which I think found its origin in Germany ; in which the 
objective is so arranged on a sliding base board, that a 
clear space of some inches is left between it and the lantern 
condensers ; while a little table between the two serves to 
support any object whose shadow it is desirable to throw 
upon the screen. If we are content witti Hm 
lantern, — and with such a lantern a great man] 
can be shown, at any rate in a small rooi% 
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range matters in n very simple manner. Let tbe lantern 
stand on a baae board, and let the objective be supported 
upou a abdang piete m front of that board Cut away the 
tin noKzle npon which the objeotive fats in the otdinary 
way, BO that any object can easily be brought between 
condenser and objective Or to still more simplify the 
matter, we Lin use the lamp only of one of these rameral 
lanterns and place it as figured m the annexed cut \fig 50) 




F:o. 50. 



Here we have a base board AA, with a fixed support in the 
centre B, which is pierced with a hole sufBciently large to 
contain the condensers of the lantern. Close up to this 
ia placed the lamp L. Another support, C, holds the objeo- 
tive, and this support by means of a sliding piece let into 
the base board, can be moved to and fro for focussing pur- 
poses in front of the condensers. It will be seen that by 
adopting this arrangement, no lantern ia necessary. We 
simply require the illuniinatov, which must of course be 
closed in, as sold with most lanterns ; a condensing lens ; 
and an objective. 

The number of beautiful experiments which are possible 
with the use of a glass tank, or rather, several glass tanks 
of the simple form shown in fig. 51 are surprising. Most 
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of these are of a chemical nature, but there are others 
which exhibit physical phenomena in. a manner which is 
perhaps, impossible by any other means, or rather, we may 
say, that experiments which can only under normal con- 
ditions be viewed by one or two pairs of eyes on the lecture 
table, can by means of this tank be made visible to a large 
audience. 

A fine experiment showing the formation of vortex 
rings may be shown in the following way. Having filled 
the tank with clean water, take a penholder or a piece of 
stick pointed for the purpose and dip it into some milk, so 
that a drop forms at the end of it. Bring this carefully over 
the tank and allow the milk to just graze the surface of 
the water, when it will form a white ring in the fluid 
which will fall gradually downward, but on the screen, 
of course, it will appear to rise upward. This ring as it 
travels to the bottom of the tank will give rise to other 
similar rings, so that presently there will be quite a number 
of circles slowly moving upwards on the screen. This 
experiment is one which will illustrate well the formation 
of smoke rings, and of the more important phenomena of 
whirlpools and whirlwinds. 

Another experiment of a similar nature, and giving a fine 
effect on the screen, may be performed by filling the tank 
to within half an inch of the top with methylated spirit. 
Take now instead of a wooden rod one of glass, or a camel 
hair brush will do aswell. Dip it into an alcoholic solution 
of any of the aniline dyes, and just allow the dro 
hangs from it to touch the inner side of one oi ill 
of the tank. Directly this drop reaches the alooli 
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descend and immediately break out into a number of 
branches. These branches will on the screen appear to rise 
rapidly upwards after the manner of a number of coloured 
rockets, and by varying the colours of the dyes and putting 
one or two drops into the tank simultaneously, a most lovely 
effect on the screen is obtained. 

The decomposition of water is another experiment which 
has a most curious effect. For this experiment a small electric 
battery is necessary, and the most convenient form to use is 
a single bichromate cell, say of one pint capacity. This can 
be hidden away in a box beneath the lantern, and as it 
gives off no fumes, there is nothing disagreeable in its use ; 
moreover its action, if freshly charged, is energetic, and this 
action can be stopped when required by lifting the zinc 
plate from the solution in which it is immersed. The wires 
from the poles of the battery must be long enough to reach 
the lantern stage ; the slide for this experiment being simple 
in the extreme. The tank to be used should be of rectangular 
form, and as a matter of convenience, it should be furnished 
with two binding screws on one of its outer sides, so that 
the wires from the battery can be readily connected with 
them. These screws should be in connection with two 
gutta-percha covered wires, which proceed to the bottom of 
the tank, where their ends are bare and turned upwards for 
about a quarter of an inch. These ends may be so fixed 
that they are about half an inch apart. The tank is pre- 
viously filled with diluted sulphuric acid (one part of acid 
to eight of water), and is then ready for action. Directly 
connection is made with the battery, ihe two wires will 
rapidly give off bubbles of gas, one being hydrogen and 
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the other oxygen. It is possible to elaborate this slide by 
crowning the two terminals with tiny inverted test tubes, 
filled with the acidulated liquid. In this case the bubbles 
of gas displace the contained water in the tubes, the hydro- 
gen tube being readily distinguished by being emptied of 
water at double the rate of the tube devoted to the oxygen 
gas. This proves in a very direct manner the composition 
of water, which consists of two volumes of hydrogen to 
one of oxygen. 

In order to show the generation of hydrogen gas alone, a 
still more simple arrangement can be adopted. The electric 
battery is not used for this experiment. A few pieces of 
granulated zinc are dropped into the tank of acid water, 
when bubbles of hydrogen will be rapidly given off, their 
downward descent upon the screen giving a very peculiar 
effect. 

In like manner carbonic acid gas can be generated by 
using a few pieces of marble instead of the zinc, and sub- 
stituting for the sulphuric acid water which has been acidu- 
lated with hydrochloric acid. We can also easily show 
that one of the products of the lungs is this same carbonic 
acid gas. In this case the tank must be filled with lime 
water, which will remain perfectly clear antil it is blown into 
from the lungs by means of a tiny glass tabe, when bubbles 
of air will rise from the water, and the liquid will rapidly 
become cloudy, proving that the carbonic acid from the 
lungs has formed carbonate of lime, or common chalk, in 
the water. 

It will be noticed that in all tank experiments it is 
necessary that the lantern stage should be open at the top 
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and such, e-tpai'imenfcs are for this reaBon best performed 
with a lantern having the simple oonetrnction shown in 
Fig. -if- These experiments are so valuable for educa- 
tional pui'poses, and can bo easily be sliown with ordinary 
oiMit lantei'na thiit it is to be hoped that mannfactnrers 
will see the necessity of providing for them by the adop- 
tion of an open sfaige. 

The composition o£ Prnsaian bine can be easily demon- 
Btmted by means of the chemiuiil tank. For this eicpeiiment 
we shall reqnire a solution of the yellow prussiate of 
potash from which the colonr lakes ita name. Tliis is 
placed in the tank. Have in readinetis a solution of sul- 
phate of iron or green vitriol. On pouring the contents 
of this bobtle by means of a pipette into the tank, a heavy 
blue precipitate is thrown down, bnfc as this precipitate is 
opiiqne the colour is not perceptible on the screen ; but by 
adding to the blue precipitate a few drops of anlphnric 
acid, and following this by a little bi-chromate of potash 
in solution, a brilliant transparent blue is immediately 
mH.de apparent. The formation of other colours can by 
reference to any book on chemistry be readOy demon- 
strated. 

The tests for acid and alkaline solutions by means of 
litmus can be demonstrated in the following way ; — 

Fill the tftnk with a solution of litmus or with an in- 
fusion of purple cabbage, made by slicing a few of the 
leaves, and pouring boiling water upon them. Place either 
of these solutions in the tank, when, upon adding a small 
quantity of acid, the liquid will be seen to turn red ; sub- 
sequent addition of an alkali, auch as a weak solution of 
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ammonia, will quickly restore the original colonr, and these 
changes from red to blue, and vice versa, can be continued 
by adding acid and alkali alternately, as often as may be 
required. 

If the tank be charged with a solution of sulphate of 
iron and gallic acid be added to it, a black solution of ink 
will immediately be produced. Another pretty expariment 
demonstrates the presence in hard water of various mineral 
matters which will cause certain chemicals to give a 
precipitate which they would not do in water that has 
been freed from minei-ial matter by distillation. A good 
plan of showing this is to suspend in a tank a crystal of 
oxalic acid. As the crystal dissolves in the water long 
threads of oxalate of lime will be given ofE by it, forming 
a very curious appearance on the screen. It may then be 
shown that by the substitution of distilled for hard water 
the crystal will dissolve all the same, but these threads will 
not be given off, because there is no lime present to form 
them. The action of bleaching powder, commonly called 
chloride of lime, is well shown by filling the tank with a 
solution of indigo, which has been acidified with sulphuric 
acid. Upon adding a solution of the bleaching powder, 
the sulphuric acid will liberate the chlorine contained in 
it, and will discharge the blue colour of the indigo, leaving 
the disc on the screen perfectly white. 

The precipitates caused by the admixture of various 
chemicals is not effective in the lantern, for the reason that 
most of these precipitates are opaque, and therefore they 
look black upon the screen. 

For instance, we may fill a tank with a solution of 

o2 
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common salt, — i.e., the cliloride of sodium, —And upon adding 
to thin a small quimtjty of mtrtite of silver in solution, a 
heavy white precipitate of otloride of silver is thrown 
down, bat as thia is perfectly op^^ue it will only appear on 
the acreen OB black clonda. 

Otiier very boatitiful esperimenta may be performed to 
demonstrate the cyativllisation of various salte. Platen of 
ghws may bo prepared beforehand with Batur.ited solutions 
of the salts, and these plates, slipped into a slide carrier, 
can be used for projection, giving very fine eSects. But 
by far the most strikiog way of exhibiting tliese interesting 
phenomena is to show the crystallisation actually in 
progress. 

This ia easy enough if the lantern be furnished with a 
vertical attachment, but not so easy without such an 
anpendage. But the following experiments can be readily 
performed with an ordinary lantern. Prepare a saturated 
solution of sal-ammoniae, and with tho help of a camel-hair 
brush cover a clean glasa plate with the liquid j place this 
glass on the lantern stage, when the heat from the lamp 
will speedily cause the water to evaporate and the crysbils 
to form on the glass. It will be noticed that in the crys- 
tillisation of this salt the branches of the marvellous tree, 
which grows so rapidly on the screen, always keep at a 
particular angle to its stem. Another experiment of a like 
nature is performed hy employing a solution of urea in 
alcohol, in which the crystal lis i.tiun ia quite different, the 
plate being quickly covered with bundles of fibres which 
are no longer at right angles to the stem from which 
they spring, bnt take all kinds of different dii'ecfciona. 
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These experiments are of great use in demonstratinig 
the gradual crystallisation of the various mineral sub- 
stances of which the crust of the earth is composed. A 
Tery beautiful experiment, showing the structure of ice, 
has been devised by Professor Tyndall. I cannot do 
better than describe the manner of performing it in his 
own words : " Take a slab of lake ice and place it in the 
path of a concentrated sunbeam. Watch the track of the 
beam through the ice. Part of the beam is stopped, part 
of it goes through ; the former produces internal lique- 
faction, the latter has no efEect whatever upon the ice. 
But the liquefaction is not uniformly diffused. From 
separate spots of the ice little shining point-s are seen to 
sparkle forth. Every one of those points is sarrounded by 
a beautiful liquid flower with six petals. 

" Ice and water are so optically alike that unless the light 
fall properly upon these flowers, you cannot see them. 
But what is the central spot ? A vacuum. Ice swims on 
water because, bulk for bulk, it is lighter than water ; so 
that when ice is melted it shrinks in size. Can the liquid 
flowers then occupy the whole space of the ice melted? 
Plainly no. A little empty space is formed with the 
flowers, and this space, or rather its surface, shines in the 
sun with the lustre of burnished silver. 

** In all cases the flowers are formed parallel to the sur- 
face of freezing. They are formed when the sun shines 
upon the ice of every lake; sometimes in myriads, and so 
small as to require a magnifying glass to see them. They 
are always attainable, but their beauty is often marred by 
internal defects of the icOt f the same 
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piece ot loe mny show tliuin exquisitely, while a aeconfl 
portion shows them imperfectly. 

" Here we huve a reverBil of the process of cryetsllisatioa. 
The searcliing solar beam is delicate enough to take the 
molecules down withoat deranging the order of their archi- 
toctaro. Try the esperimont for yourself with a pocket- 
lens on A sunny d»y. Tou will not find the flowers con- 
fused ; they nil lie pankHel to the supfuce of frecKing. In 
this exquisite way every bit of the ieo over which onr 
skaters glide in winter is put togctlier." 

One of the moat interesting chemical operntionB to 
witness ifl the development ot a phottigraph, — and even 
esperienced workers will say that tbey never tire of 
watoliing the gPiidual nnfolding of the wonderful image. 
Tlioae who have never before had the opportunity of watcliing 
the effect of the developing Suid on the blank plute, are 
delighted when first the operation ia brought under their 
notice. It ia certainly an experiment which never fails to 
interest an audienoe, when properly pcrfoi'med, as it can be, 
in the optical lantum. But the operator mnst not be 
B novice in photography, or he will probably fail, for the 
eiperiment requires oxpcricncc, and gi'cat care in all 
its stages. 

A gelatine hrmiude plate, such as is ordinarily used 
for negatiye work, ia of no use whatever here, for the 
film is too opaque for the purpose. A gelatine c7:fortrfe pinte 
(such as that described on page 133) is the right thing to 
employ. If we compare a bromide and a chloride plate side 
by side in the dark room, we shall .inon see that there ia 
little difficulty in distinguishing the one from the other. In 
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; case, the film ia so thick that we can see nothing 
through it, but in the case of the chloride plate the flame of 
the red lamp can easily be seen through the glass ; indeed, 
upon first using such plates, photf^rfiphers are Srpt to 
wonder whether so thin a film can ever yield a picture. As 
a matter of FiLct, the film ta as thick as that upon a bromide 
plate, only the emulsion of which it is composed is of a 
far more transparent quality. 

Having then a chloride plate at hiind, and having' if ne- 
cessary cat it down to a size which will enable it to slip 
with ease into a, chemical tank, tlie course of operutions 
will be as follows : — 1, Exposure ; 2, development ; and 
3, fixation. 

Provide a good n^ative (if it be a portrait of some one 
well known to the apectiitors, so much the better), and place 
it in a printing frame, with the chloride plate against it, • 
film to film. Expose to the light of an inch of magnesium 
wire held two feet away from the printing frame, or to the 
rays of the lime light for about ten soconda. JTow place 
the little tank on the stt^e of the lantern, and against tlie 
inner side of it, that is, neit the light place a sheet 
of ruby glass. The efioct upon the aci-een will now be 
simply that of a blank red disc. The exposed plal« may 
now be taken from, the printing framC'and placed in the 
tank. Take good care that it is placed there uptide duwn, 
80 that the image when developed will appear the right way 
The developing flnid, feirous oxalate (see page 121), 
y now be mixed. This should be at hand in two aoln- 
la, so that by mi.iing the one with the other the de- 
eloper is reiidy without any delay. As it is poured into 
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the tanlc, tho surface of the flnid will appear m a descendiug 
line across the sheet. The strength of the developer should 
not be so great as for ordinary deFelopiuent, by which I 
that the proportion of iron can be conveniently 
rednced so as to render development less sndden than it 
generally is with chloride plates. When once the developer 
has been poared into the tank, the red glass can be with- 
drawn, for the ferrona oxalate developer is red enough in 
itself to form a protection to the ptate froni the light. * 
Presently the image wilt begin to appear, and will gradually 
gain in strength. When it is fully developed, as it will be 
in aboat two minates, the plate can be removed, washed, 
and phtced once more in the lantern in a tank of fixing aola- 
tion. Here it will gradually get clear, as the unaltered 
chloride is acted npon by the hyposulphite of soda solntioa. 

To perform this interesting esperinient in the most per- 
fect manner, a special form of tank may be employed. It 
should have a tap at its lower part, to act as a waste pipe. 
With this arrangement the chloride plate need not be 
removed from the tank at any stage of the process. When 
development is complete, the ferrous oxalate can be drawn 
oS i then water can he poured in, to be immediately drawn 
off and replaced by the hypo solution. 

The chloride plJttc employed can be put into the printing 
frame by gaslight, provided that the openitiun be performed 
with ordinary despatch. It should be noted, too, that these 
plates, or at least some brands of them, rapidly deteriorate. 
But the careful operator will try the experiment in private 
before he ventures before the public, and will take care that 
Lis platus are above suspicion. 
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Magnetic experiments are always attractive, and can be 
well shown with the lantern, for they gain greatly by the 
magnification possible with that instrument. Fig. 52 shows 
a simple form of slide which can be manufactured without 
much trouble ; it consists of a bar of soft iron, bent as 
shown, and pointed at its ends. These ends or poles are 
brought to within half an inch of each other. Two 
wooden or cardboard reels, wound with a quantity of silk 
covered copper wire, complete the arrangement. The 
battery already recommended can be used with tliis mag- 
netic slide. Here are a few experiments possible with the 
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Fig. 52. 

contrivance. Drop upon the poles some iron filings, and 
show that they are not attracted until the battery connec- 
tion is made, for then and only then has the iron magnetic 

• 

properties conferred upon it. Drop a number of small 
French nails, technically known as pins, upon the poles, 
when they will meet and assume curious forms, until the 
current is broken, when they will fall upicard, as it will 
appear. A tiny disc of iron attached to the end of a silk 
thread and hung between the poles will take up a rigid 
position directly the battery connection is made, a similar 
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one of bismnth assnming the opposite direction nnder the 
Biime conditions. Tliis last experiment is to show the 
difference between a magnetic and dia-mognetic body. 

But the most benutifnl magnetic experiments 111*6 only 
possible with a vertical attachment fitted to the lantern. 
Obtain a couple of flat bar magnets two inches in length. 
Place one of these in the centre of tbe horizontal etjige, and 
focus shaq)!j on the screen. The appearance is that of a 
thick black bar, Kow sift throngh a mnslin bag some iron 
filings, so that the screen appeal's covered with black spots. 
Tup the stAge with the finger n&il, bo as to disturb the 
particles of iron, and they will be seen to gather ronnd the 
poles of the little magnet, and to foi'in the beautiful magnetic 
curves. A still more striking experiment may be per- 
formed with two magnets SO placed that their poles of 
opjiosite names, — N. and S., — face one another, while they 
are at tbe same time about one inch apart. Now scatter 
tbe filings as before, and the effect of the graceful curves 
embracing one another between the two poles is simply 
mngnificent. Remove the magnets, wipe the filings from 
the stage, and once more arrange the bars in the same 
position, but with poles of the same name facing one 
another. When the filings are now scattered over the 
magnets, a great contrast to the last experiment is apparent 
Wliere just now all was liarmony, there 13 visible antago- 
nism. " Poles of opposite name attract one another, and of 
the same name repel one another," And tbia repulsion ia 
most beautifully shown. The curves no longer embrace 
one another, but meet and turn back upon themselves, 
forming a line of confusion where the meeting takes 
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place. The experiments can be varied by altering the 
position of the magnets, or by nsing knitting needles which 
have been just before magnetised at the lecture table. It 
will be noticed that these curve experiments require no 
battery power. They are performed with what are known 
as permanent magnets, in contradistinction to the electro 
magnet used with the special form of slide shown at 
fig. 52. 

In describing some of the experiments possible with the 
optical lantern, I have purposely refrained from detailing 
any of the splendid effects due to polarised light — for these 
have been already dealt with by my friend Mr. Lewis 
Wright, in a manner which it would be impossible to 
improve upon.^ 

^ '' Light : a Gonree of Experimental Optics, chiefly with the 
Lantera." Macmillan & Co. 




CHAPTER XIV. 



THE LANTERN AS AN AID TO PBOTOGRAPHT. 




|HEN a photographic aspirant first enters upon the 
practice of what used to be known as the " black 
art," but which now, thanks to the cleanliness of 
dry plate work, no longer merits that stigma, his friends 
and relatives all look anxiously for some tangible results 
from his mysteiious operations. To them a negative, 
albeit it may show lovely gradations of tone, and 
beauties of detail, which a master's eye would revel 
in, is negative in a far wider sense than its producer 
would be inclined to allow. A production in which 
bright skies and white skins are black as night, is a 
thing which cannot be understood or tolerated, and until a 
print of that negative is produced, — and sometimes alas ! 
even then, — the domestic critics are inclined to consider the 
amateur worker a fraud. The painstaking photographer, 
after he has succeeded in obtaining a few negatives, will be 
anxious on this account, if not for his own satisfaction, to 
print some positives from them. These will afterwards be 
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mounted iil an album, and much pleasure will doubtless be 
derived from them. Tliey may possibly not be grand 
specimens of solar work, but they will serve to remind the 
author of many a pleasant ramble, and many little incidents 
of places visited and people met with, which otherwise 
might have passed into oblivion. He will be able " to fight 
his battles o'er again," as he tells his friends of diflficulties 
encountered by the way. But at the best this means a 
great deal of work, and work, too, which to a great extent 
is mechanical, and therefore tedious. The printing, toning 
and fixing of a batch of prints is no light matter to an ama- 
teur, who has generally to do everything for himself. Some 
prints are sure to get over-exposed, others suffer from the 
opposite failing, and even if all goes well in the preliminary 
operation of exposure, there is that terrible toning bath to 
come. This bath sometimes, for some obscure reason, will 
refuse to give the desired colour, and our batch of prints, 
instead of being " joys for ever," turn out to be sandy- 
looking, bilious objects, which we are afraid to show to 
anybody. 

What if some magician were to appear suddenly at the 
elbow of the disgusted worker, and tell him that there was 
a way of producing positives from those negatives without 
all this trouble ? That such positives could be shown en- 
larged to an almost indefinite extent, and that pictures five, 
ten, or fifteen feet in diameter could be shown in perfection, 
the original negative from which they are taken measuring 
only three and a quarter inches. There is no need for any 
magician, for the thing can be achieved, not easily, for the 
work, like most photographic manipulations, requires a 
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great deal of patience and practice before 
attained. The requisites are good photogmphic transpa- 
rencies on glass, and a good optical lantern wherewith to 
exhibit them. 

The lantern raethod of showing phntographB has the ob- 
vious adviintiige that a li>rpe nnmber can at the s^me time 
view the same pictnre tinder the best conditiona. They can 
exclinnge opinions aa to its merits, and can point out little 
bits of detail which would be almost invisible in a paper 
print from the original small n^ative, A great many 
amateurs, too, take only small negatives. They do not care 
to be hardened in their rambles with a large cam.era, 
which, with its inevitjible dark slides or changing box, 
forma a very heavy travelling companion. Many, there- 
fore, are wise enough to content themselves with either a 
qnarter-plate apparatus, or one which gives pictures mea- 
BUring 5 by i inches. Prints from these Bniall negatives 
are rather insignificant when monnted In an album, bnt 
such negatives are jnat what are required for lantern trans- 
pirenej making j so that the tourist with his little camera 
is, with the help of the hmtern, placed on the same footing 
Be the toiler with large and heavy apparatus. He can in- 
crease the size of his pictures, or rather the images of such 
pictures, to any reasonable extent, I know of an amatenr 
photographer who spent thres months on a Mediterranean 
tour. He took with him a quarter-plate camera, and ita 
accessories, together with a stock of gelatine plates. He 
brought bEtck with him about one hundred and fifty capital 
negatives, which were taken in Algeria, Tunis, Malta, 
Sicily, and Southern Italy. On his arrival in England 
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these were all printed as lantern trftnsparencies, and he ia 
now flble to entertain hia frienda with an account of his 
wanderinga, and toillusti-af^ hia remarka in a very pleasant 
and novel muriner. If the same negatives had been merely 
printed on paper in the usual manner, and shown iu an 
album, tliey would, by reason of their smallneaH, have met 
with but scant appreciation. 

I may instance another way in which the lantern can be 
utilised without the necessity of taking original negatives. 
Moat travellers abroad collect photographs of any place they 
may visit, and an enormous trade is now done in such 
pictures. These are brought home in due course, mounted 
in an album, and too often, alas ! gradually fade into sickly 
yellow ghosts of their former selves. Now, if these pictures 
were copied by a small qnarter-plate camera, the negatives 
thus obtained could in their turn furnish positives on glass 
for use in the lantern. Transparencies so produced are 
never, it is true, so good as those from original negatives, 
for the texture and the gloss of the paper prints will gene- 
rally to some extent show themselves in the reproduced 
n^ative, but still it ia wonderful what good results can be 
obtained in this way. Indeed, I may say that it requires a 
critical eye to detect that a second negative has been em- 
ployed. I have already detailed the best method of pro- 
ducing these negatives from paper prints, and have given 
some useful hintaby which the disadvantages to which tliey 
are subject can be reduced to a minimum (see page 121). 

Paper prints naturally remind one of those portrait 
albums which are found in every house. Why should not 
these pictures also be adapted to the lantern? What B 
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pose in pointing ont its extreme ntility. In a snfaaequent 
chapter on enlarging I dwell in detail apon the varioos 
operationa neceBsaiy, -and illnstrate them by diagrams, 
BO that readers maj acqnire a piactical knowledge of tihe 
necessary manipnlationa. 




CHAPTER XV. 



THE ART OF MAKING PHOTO-MICROGRAPHS. 




PHOTO-MICROGRAPH is the picture of a 
microscopic preparation, as seen by the eye 
when enlarged by means of the microscope; 
its converse, being a much-reduced image of an object 
photographed on glass, which is called a micro-photograph, 
and which can only be seen when placed in the microscope. 
This latter, however, is a mere curiosity, and, although 
it excites some wonder when looked at, has no educational 
or scientific value, except perhaps as a proof of the fine 
structure of a photographic film. A photo-micrograph, on 
the other hand, affords a valuable means of displaying to a 
large audience the delicate structure of various organisms, 
both animal and vegetable ; besides which that of coal and 
other minerals can be well exhibited. Lantern micro- 
scopes, — some of very beautiful construction, — have been 
brought forward from time to time, and one of them, at 
least, I shall refer to in a subsequent chapter. 

But although lantern microscopes may give very fine 
results, it is an indisputable fact that the amount of light 
which is able to get through the tiny aperture of a high- 
power objective, is small. And when this small amount 

P 2 



212 THE BOOK or THE LANTEBIT. 

has to be spread over a screen of even moderate propor- 
tions, the illumiimtion of the whole is so insufficient that 
although near observers are able to note that the disc is 
covered with a network of exquisite detail, those who are 
placed a few yards away cannot distinguish anything of the 
kind. If this is the case with those whose sight is perfect, 
how much more true it must be of the large number of 
persons who are less favourably endowed. Probably the 
difficulty may be remedied at an early date by the use of 
the electric light, which is far more brilliant than the best 
limelight possible, and I know that experiments are 
being carried on in this direction ! In the meantime, we 
must look for other jneans of projecting the image of 
microscopic objects on a screen if we require such illus- 
trntions for a largo number of spectators. I recommend 
the employment of photo-micrographs of the size of the 
ordinary lantern-slide, viz., 3 J x 3^ in. as the best way out 
of the difficulty. I am, of course, aware that a photo- 
graph of an object is not in many cases so good as the 
object itself. While this is true, it is also true that there 
are a great many preparations which cannot be satisfactorily 
shown by any kind of projecting apparatus, but they can 
be made to yield photographs which can be exhibited by 
the optical lantern. There are many different ways 
of producing photo-micrographs. Some workers use the 
most complicated apparatus, whilst others seem to obtain as 
good results with rough home-made appliances. But so it 
is in every branch of science. Somebody wittily divided 
microscopic workers into two different species. He dubbed 
tlie first of these " Br.iss and Glass," and the second 
**Bug and Slug." The first are the possessors of the 
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magnificent microscopes with all kinds of moYements and 
expensive attachments, and who toy with their instruments 
rather than work with them. The second class are the 
hard workers, who will be content so long as they possess 
one or two good powers, and have anything in the shape 
of a stand to hold them in position. They will accomplish 
far more real work with a simple magnifying-glass than one 
of the "Brass and Glass" fraternity with his gorgeous 
array of instruments. 

One of the most simple methods of obtaining a photo- 
graph from a microscopic object is to use a little camera, — a 
cardboard box with a hole at the bottom to fit over the 
microscope tube is suflBcient, — placed above the microscope 
as it stands upright on a table. To simplify matters, the 
eyepiece of the microscope should be removed, — a method of 
procedure which I recommend in all cases. The upper part 
of the cardboard box should be furnished with a lid on a 
hinge, and should have a curtain of black velvet all round it, 
to prevent any access of light. On its inner sides, half an inch 
below the Hd opening, should be glued four little pieces of 
wood to support the focussing screen ; the same support 
serving later on to hold the sensitive gelatine-plate in posi- 
tion. Now let us go through the required operations. The 
image is focussed by daylight, or lamplight, as the case 
may be. The focussing glass is then removed, and while 
the room is darkened the sensitive plate is inserted in its 
place, the lid of the box shut down, and all is ready for ex- 
posure. The time of exposure is of course a matter depend- 
ing upon a host of circumstances to which we need not here 
refer. T!ie exposure having beeu made, the plate is de- 
veloped in the usual manner. 
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Another plan is to bring down tiie inicroBcope to the 
borizontel position,— and most niicroscopes allow of this 
being douc, — and to push the end of itB tnbe intotbe flange 
opening of an ordinftry pbot<^raphic camera, with the lena 
of the latter removed. But both these methods have 
a disadvantage, iunong mftny other drawbacks, which 
win at once disappoint the operator. The image afforded is 
HO small. The tnbe of the microHCOpe gets in the way, so 
to Bpeak, aiid a large portion of that image is cat off. This 
can be remedied by an arrangement of the apparatuB which 
I am now about to describe, and by which I have taken a 
number of phot(^mphs which leave little to be desired in 
point of excellence, while the necessiry manipiiLitions are 
carried forward with that ease and nicety which go far to- 
wards the production of first-class results. 

Let it be at once pointed out, in spite of the opinionti of 
onr " Bntsa and Glass" friends, that an expensive instru- 
ment is not required for thia work. (Indeed, I will presently 
point oat bow it is possible to obtain capital photo-micro- 
grapha without any m.icroscope at all, alliiough the essen- 
tial part of that instrument, — the objective, — must be 
employed.) What is wanted is a good firm stand, and a 
fine adjustment, and even this is not very necessary unless 
high powers are employed. But the mnjority of readers 
will look for some ready means of photographing objects of a 
popular character. The proboscis of a blowfly, the industrious 
flea (or bee is it ?), section of the echinus epino, and so on ; 
anch things as can be readily photographed with the " inch" 
objective. And to readers who are content with such as 
these I chiefly direct my remarks, leaving them to study 
the excellent tfeatii^es and articles upon the subject of 
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I photomicrography, whicli have been published, when tl 
;1 themBelves capable of 



higher flighte in this most 
interesting domain of 
^scientific research. 

The microscope which 
Ll nse is of a very ordinary 
■|)att>era,as may be noticed 
Kim the diagram (fig. 53) ; 

■ bnt three little alterations 

■ in it make it very con- 

■ Tenient for photographic 
work. In the front 1^ 
of the claw-shaped stand 
a S-lCths inch hole h^ 
been boi'ed, bo that the 
instmment can by means 
of a screw be rigidly • 
fixed opoD a base board. 
The next alteration is in 

' the length of the tube. 

I Originally seven inches 
long, I have had it 
separated at nearly the 
oentre, so that it can be 
reduced to three inches ; 
but an inner tube over 
which the outer one 
tightly fita, allows me to 
BBC the microscope for oi 




..nary purposes with a tnbe of 
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normal length. Tlie third modificatioti which I have intro- 
dncod, ia a groove cnt iu the milled head of the fine adjost- 
ment screw, the purpose of which wb shall presently see. 
For photi^raphic work, the mirror is thrown out of gear, 
us indicated in the diagram, for it is not required. 

Boforring once more to this dingram, ( / ia the table on 
which the whole airangcmeut rests, and it is best to have 
a table for the purpose, or at any rate a level Imse board, 
upon whicli all necer^sary fixtures can be made j c is a 
camera which should open out to great extent (mo^t 
modern cameras are made to do so, so as to give the 
photographer the benefit of usiug long-focus lenses) ; 
m is the microscope, « the stage, p the rairrnr thrown 
back oat of ase, n the ooarse adjuiil.niuat, and A the fiua 
adjuBtm.ent. We can now see the advantage of (irovidin^ 
this milled head of the fins adjustment screw with a, 
groove. In this groove ia placed a silk cord, which 
works in a correspond iu'^ groove in the little wheel 
which ia fixed on the end of the focussing rod o o. By 
means of tho knob d at the other end of this rod, the 
operator ia able to wurk tho fine adjustment to a nicety, — 
while he is fcvr away from the micros cope, ^examining 
the image on the grouud-gla^a screen of the camera. 

A word about this scr^'cn will not b^ amiss. Ordinary 
ground-glass will not do for this cliiss of work, for it is 
far too coarse. It ahiiuld therefore bo replaCL'd by a 
focussing screen prepared as follows: — Obtain a sensitive 
gelatine plate, such as ia usfd for ni'gative work, expose 
it to the light of a gas flame for a second, and then pro- 
ceed to develop it; Develop until it is uniformly 
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darkened to a small extent, fix and wash in tlie nsual 
manner, and then bleach it in a solution of mercnric 
chloride. The result will be a plate covered with an 
exquisitely fine translucent surface, upon which the 
finest details will be visible. The exact amount of 
exposure and development to secure this end may not 
be at first hit upon, but one or two trials will be sure to 
end in a satisfactory result. Some workers prefer to use 
a plain glass upon which fine lines have been ruled 
with a writing diamond. In any case the worker will 
find the advantage of supplementing his eyesight, how- 
ever good, by a focussing glass. In this way a far sharper 
focus is obtainable than by the unaided eye. 

To describe the rest of the diagram, let me point out 
that / is an ordinary microscopic paraffin lamp, furnished 
with a reflectory, and that A is a condensing lens, having 
a*itached to it a diaphragm-plate, e, 

Mr. T. Charters White, M.R.O.S., has published a 
nxethod by which photo-micrographs can be produced 
without the aid of either a camera or a microscope, which 
is very creditable to his ingenuity. I had recently the 
pleasure of hearing him describe the instrument, while 
he practically demonstrated how effectually it would 
work. The apparatus was home-made, and such as 
could be produced by any one with the minimum of out- 
side help, although there are many accustomed to the use 
of tools who could easily make it without any help at all. 
I append a diagram which shows the various parts of this 
simple contrivance (see fig. 54). 

It consists in a lidless box sufficientlj large to con- 
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tain an ordinary miemscnpic lamp, an objective which 
screws into une end of the box, — and a muvable stage 




k 



to hold the object, having s screw attachment, bo that 
it can bo moved to and from the objective in order 
that the image may be sharply focosaed upon a plate 
held in a frame outside. Tliis frame is fised to a 
grooved board, which can be mored in nnil out of the base 
board, and this movement determines the distance of the 
image projected from the )ens, and therefore the size of 
thiit ininge. The ajipardtus may indeed be compared to 
an optii:a1 lantern in its arrangements, except that the 
condensing lens (an ordinary one on a stand such as is 
used for microscopic work) is contained within the box, 
and that the object to be projected is on a special form of 
movable st^e, as above mentioned. This btoge, or fine 
adjustment, consists of two parallel and horizontal bars, 
with a fine screw of the same length hiid between them, 
and which works iu a threaded orifice in the lower part of 
the stage. The end of this screw nearest the light is 
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crowned with a grooved wheel, whicli is geared by a piece 
of cord to another similar wheel at the end of a focussing- 
rod, which is brought within easy reach of the plate- 
carrier outside the box. 

These various arrangements will be rendered clearer by 
reference to the diagram, where O is the objective, S the 
stage, F the focussing-rod, L the lamp, the condenser, 
and A the frame holding the gelatine plate, or the 
focussing-glass, as the case may be, for one takes the 
place of the other. And let me say, in passing, that this 
method of withdrawing one glass so that the other can 
take its exact place, is the best that could be adopted, for 
the merest fraction of difference in register would be 
perceptible in photo-micrograph ic work, while it might 
remain undiscovered in negative taking of the ordinary 
kind. 

Mr. White's apparatus wrs, at the time I saw it, fitted 
with a 1-inch objective; but he told me that he had 
used higher powers with it. It certainly is capable of 
very fine work, as was proved by an album full of speci- 
mens which he exhibited. His focussing-screen was a 
plain glass, ruled with lines by a diamond, and he 
employed a focussing eye-pitce. But it is evident that, 
with this method of working, the operator could employ 
an opaque screen, such as a piece of opal glass, for the 
room in which the work is carried on takes the place of 
the camera, and he is practically within it, and can 
look upon the side of the screen which is next the 
light. By means of a scale upon the sliding-board which 
carries the gelatine plate, it is easy to note, without actual 



measurement, the amount of magnification of the ima^. 
And this mngnificHtion can be carried to any reasaanble 
extent, for the worker is not limited, aa he would be if 
oaing a ciLmera, bj the length to which that camera can 
be extended. 

But perhaps the simplest arrangement of all ie that 
recently introduced by Messrs. Mawson. & Swan, and 
which is shown at lig. 55. A is a light motnl diBc, which 




Fig. 65. 




can be screwed on the camera front in place of the ordinary 
lena. The opening in its centre ia furnished with the 
regnlatioQ micmscopic screw, bo that any ordinary micro- 
scopic objective can bo readily fixed to it. Upon two 
horizontal bara, projecting from this metal disc, there 
slides another similar disc B, also with an opening in the 
centre. This aecoad disc has fitted to it a pair of small 
spring clips for the reception of the microscopic elide 
which it is desired to photogr-aph. Focussing is eSectad 
by sliding the disc B to and fro in front of the objective 
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on A. It will be readily seen that the apparatus may be 
rendered more effective by the attachment of a screw, or 
fine adjustment for more accurate focussing ; but with the 
lower powers this would not be needed. It is an addition, 
however, which the makers will supply when required. 

All the objectives made by Messrs. Swift, as well 
as those by a few other makers, are corrected for 
photography, but in those of older date the visual focus 
does not agree with the chemical focus. As a rule, no 
difficulty will be found with the higher powers, and with 
the others a few trials will soon show what allowance in 
focussing must be made. As a rough guide to what must 
be done to correct this fault, which is rendered evident 
by a sharply-focussed image appearing blurred in the 
negative, proceed as follows: First focus the image as 
sharply as possible, and then cause the objective to 
approach the object until the latter seems to be sur- 
rounded by a reddish light; now take the photograph 
and it will be sharply defined, although the image did not 
look so on the focussing screen. 

The f errous-oxalate method of development, described on 
a former page, is very suitable for negatives taken for 
photo-micrographs. These negatives are then made to 
furnish lantern slides in the manner detailed in a former 
chapter* 




CHAPTER XVI. 



ENLARGING PHOTOGRAPHS WITH THE LANTERN. 




HE amateur who works with a quarter plate 
camera will often congratulate himself upon 
the slight burden which it entails, even when 
several double backs and spare plates accompany 
it. But he will also regret that the little pictures 
which it yields, — measuring only 3 by 4 inches when 
trimmed and finished, — are, after all his trouble, so 
very insignificant-looking. He may possibly have availed 
himself of the instructions already given for the produc- 
tion of lantern slides from such small negatives, and thus 
ascertained that his pictures are full of detail, and will 
bear enlargement. But lantern images are fleeting things, 
— dissolving views, in truth, — and he would fain endeavour 
to find some more permanent way of increasing the size 
of his pictures. Thanks to the wonderful photographic 
revolution achieved by gelatine emulsion, this can be done 
without very much trouble or difficulty. 

In using the lantern for exhibition purposes we employ 
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for slides transparent positives on glass, and it stands to 
reason that, if the sheet or surface npon which the image 
is thrown were, bj chemical means, to be made sensitive 
to light, we should obtain much the same result that we 
get by means of our camera, — ^a negative image, which can 
be rendered visible by development. If, on the other hand, 
we employ one of our little negatives as a lantern slide, 
we can produce from it a positive. Such is the theory 
which we will now endeavour to reduce to practice. 

The lantern employed can be of the ordinary kind used 
for projection, but in this case, where the condenser only 
measures 4 inches, it is obvious that a negative measuring 
less than that size will be the only one available. The 
operator will therefore be better off with a lantern made 
specially for enlarging purposes, the condenser of which 
must be at least 5 inches in diameter to accommodate a 
quarter-plate negative. It might, in many cases, be prac- 
ticable to fit the ordinary lantern with a condenser of that 
size when it is proposed to use it for enlarging purposes. 
Whatever be the arrangement, there must be in front of 
the lens of the lantern a flat board upon which the image 
can be projected, and which will serve as a support for the 
sensitive surface at a later stage of the operations. 

A convenient form of upright easel is shown at fig. 56. It 
can be moved backwards and forwards between a couple of 
laths nailed on the floor, while the enlarging lantern 
remains stationary. A light-tight box above it T5ontains a 
roll of sensitive paper, which can be pulled down and cut 
off in lengths as required. This easel has a hinged frame, 
so that when a sufficient length of the paper is drawn down 
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over the face of the easel, which serves m a focussing 
board, tbe fnime ehuta it in nnd is clamped. In this wm 




the paper is held tight without the necessity of using p 
or other loose fftateuinga. 

Fig. 57 shows a larger view of this box, with its supply 
of sensitive mo.terin.1. But the beginner would no doub^ 
first (if all, experiment with a sim]ile boai-d, and ona 
measuring 12 inches by 10 inches would be n.mple. 

The eenaitive surface to be employed when a diredl 
positive is required, ia paper specially prepared witJi n 
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coating of ge latino- bromide of silTer emulsion. If an 
enlarged negative is dt-aired, either an ordinary gelatine 
(glass) plat6 of the required siae may be employed, or a 
paper negatire can be made in the manner to be prenentiy 
described. Messrs. Morgan & Kidd, of Uichmond, werH 




the first to introdooe " argentic gelabino-bromide paper," 
and therefore the circumstance shoald be noted to their 
uredit. Itcanuiiw be obtained from most other dealers, 
and ita manufacture is so weU understood that it will bo 
found generally reliable. It can, of course, be used for 
Cimtact printing as weU as for enlarging purposes. But 
perhaps the SMiguine amateur may prefer to manufacture 
it for himself, and there is uo reason why he should net 
succeed in doing so, if he is already master of thf secret of 
making an emulsion which neither fogs nor frills. Here 
is a necessarily brief outline of the method of going 
to work ; — 

Procure some good plain Soxe paper. Having made 
and fiRered your emulsion, allow it to set to a Jelly in a 
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rtish. Witli a pood stiff hog-tiair stencii-brush break up 
tile cold jelly, and rub it vigorously over the piiper, just aa 
yon would break up cold starch jelly in mounting prints. 
Now drag tlie paper slowly over an earthenware foot- 
warmer, which has been dnly chnrged with boiling water. 
The heat will cause the little specka oi jelly on the paper 
to melt and mingle, and the whole will present n smooth 
surface. The p-ii>er must now be hnug up to dry, or it 
may be used at once. I need hai-dly say that all these 
operatioua must be conducted by non-actinic light. The 
innjority of workers, however, will prefer to buy their 
fti^rentic paper ready-made, and, by doing so, bbto them- 
selves poasibly much vexatiouB diaappointraent. 

Any room will serve for the purpose of making an 
enlargement ; bnt it is preferable to conduct the work 
at night, because then ia saved the trouble of darkening 
a room so that it is really fit for photographic opera- 
tions, by no means an easy matter. Having a dark 
room, the further requirements are a lantern, a screen 
ea aforesaid in front of it, with a sheet of white paper 
pasted over its surface, a good red Innip, a developing 
dish, the necessary chemiciils, and, lastly, plenty of water 
and a pail for waste solutions. If the room has in 
it a tap and sink, so much the better. The negative 
(which should be a gnnd one, or it will not be worth 
enlarging) is placed in the lantern like an ordinary slide, 
talking care that the 61m. side is turned towards the screeu, 
and away from the light. Now carefully focna its image 
ou the white boiii-d. Having placed lanti'rn and si'reen ut 
ouch a distance from one another that the image is of the 
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required dimensions, and having seen that that image is 
as sharply f ocnssed as possible, it will be as well if a slip 
of sensitive paper, say, 1 inch wide, is first of all exposed 
as a pilot. 

In the hurry and bustle incidental to, if not inseparable 
from, every-day life, we all have a tendency to work too 
much by rule of thumb, and it must be confessed that rule 
of thumb often turns out very good results. But, in spite 
of this, and of the old adage to the effect that an ounce of 
practice is worth a pound of theory, we cannot afford to 
give theory the go-by entirely. Theory is a useful servant, 
but a bad master, for those patient, plodding creatures who 
think of nothing else seldom turn out work which has the 
stamp of genius upon it. Theory holds them down in her 
rigid grasp, and they have not the pluck to try anything 
or dare anything that seems opposed to her teachings. If, 
on the other hand, theory be regarded as a reliable servant, 
to be consulted when difficulties occur in practice, her 
value will soon be recognised. 

These thoughts came into my mind once when watching 
a young experimenter, who was endeavouring to make 
some enlargements on bromide paper from small negatives, 
by means of an oil lantern. The negative was placed 
on the stage of the lantern, and its image was projected 
upon the side of a wooden packing-case, which stood on 
the table in front of it. My young friend was endeavour- 
ing to make from his small negative (^-plate) enlarged 
copies of different sizes ; and, to obtain the different sized 
images, he had, of course, to move the focussing surface 
either to or from the lens as the image was required to 

4 2 
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be smaller or larger. But with regard to exposure he 
worked entirely by rule of thumb, or rather, I might 
say, by no rule at all. It was all guesswork, and, 
although he tried many pilot slips of paper with watch in 
hand, he failed to turn out any ideally correctly-exposed 
pictures. His failure was chiefly due to his utter ignorance 
of the law in optics, which has been already considered 
on page 118. 

Referring once more to fig. 39 on that page, let the four 
squares numbered 1, 2, 3, and 4, be printing-frames 
placed at distances of 1, 2, 3, and 4 feet from a 
candle-flame. Let us suppose, also, that we have ascer- 
tained by experiment that the plate or paper in the first 
position (No. 1) is sufticiently affected by the light if it 
remain there for one minute. (This is, of course, merely 
stated as a axse in point. Bromide paper at such a distance 
would be sufficiently exposed, under a normal negative, in 
about eight seconds, while a chloride plate under such con- 
ditions would want two minutes or more.) Then, if we re- 
move the frame to position No. 2- — at 2 feet from the light 
sour(;o — the necessary exposure will not be doubled, as some 
might think, but quadrupled. For the square of 2 is that 
number multiplied by itself, — i.e., 4. The right exposure, 
therefore, will be four minutes. Removing the frame to 
position 3, we must once more square that number in 
order to arrive at the right number of minutes, for ex- 
posure at this increased distance. 3 x 3 = 9. Therefore 
nine minutes will be the time. It is easy to see that when 
the printing-frame is removed to the farthest distance of 
all, which is 4 feet from the light source, the exposure 
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will be sixteen minutes. To make the diagram more 
explicit, the vertical squares 1, 2, 3, and 4, have been so 
subdivided that the number of spaces in each indicates 
the number of units of exposure, be that unit a second, a 
minute, or an hour. The .same rule holds good for en- 
larging operations. Thus, supposing that we are working 
with an optical lantern, and that the necessary exposure 
at 1 foot from the lens is half a minute ; at 2 feet the 
time will be two minutes; at 3 feet four minutes and 
a half ; and so on. The practical worker will have this 
little bit of theory in his mind whenever he is operating, 
and he will soon be convinced that the theory is strictly 
correct. 

Another help in enlarging, which will be found useful, 
is a little piece of apparatus, — if it can be dignified 
by that name, — which I have lately made, and which I 
call an exposing-gauge. It is so simple in construction 
that any one can make it out of a couple of strips of card- 
board. The arrangement is shown in fig. 57. The size 
of the gauge is immaterial, but a length of 20 inches 
will be found convenient. A slip of card of that length, 
and about 1 inch in breadth, is cut with pointed ends, 
each point having a hole pricked in it as shown. By these 
holes, and with the assistance of a couple of drawing-pins, 
the contrivance can be readily attached to any flat surface 
upon which the enlarged image from the lantern is 
focussed. Placed above this slip is another piece of card 
slightly shorter, and with a round hole in the centre. The 
two strips are bound together with pieces of tape glued 
over their upper and lower edges, the two ends being left 
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open, like a sleeve, for the reception of a slip of paper 
like that shown in fig. 58. 

Fio. 68. 

> I ^ M.I * I -g I Ml \ 

Fig. 59. 

Fig. 59, as indicated, really consists of two slips of paper 
gummed together end to end. One is sensitive bromide 
pper, ten inches in length, which has been spaced out 
into five divisions, and marked a, b, c, d, e, with an aniline 
ink pencil. The other part is ordinary white cartridge 
I3j.per, slightly longer than the sensitive slip. Its purpose 
is to serve as a handle by which to pull the sensitive paper 
through the sleeve, and also to furnish a white surface 
upon which a small pai't of the picture can be focussed, 
that small part being confined to the central circular hoi 
in the upper card. 

Now let us see how the gauge is used in practice. It is 
first pinned on the focussing board so that a distinctive 
part of the image is thrown upon the central hole. In the 
case of a portrait this should be the eye. Having focussed 
carefully on the blank paper, the first division of the 
sensitive slip, which will be that marked e, is pulled in 
front of the opening. Let this be exposed for, say, fifteen 
seconds ; then pull the slip onwards, and expose d for 
twenty seconds, c for twenty-five seconds, and so on. The 
gauge is t!ien taken into the dark room, its slip of sensitive 
paper taken from its yoke-fellow, and carefully developed. 
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It will then soon be seen which of the lettered spaces has 
received the correct exposure ; and a memorandum noting 
time and distance of lens from screen can either be 
attached to the negative, or entered in a book against a 
number corresponding with a number scratched on the 
glass negative. 

The same principle can be applied to contact printing 
in a frame on bromide paper, by gas or lamp light. When 
the frame has been charged with its negative and the 
bromide paper, support it upright at a distance of, say, 
18 inches from the turned-down flame. Now, place 
in front of it an opaque card, sufficiently large to more 
than cover the frame. This card should have a hole about 
1 inch in diameter cut in it in one corner. Turn up the 
light and expose for five seconds. Alter the position of the 
hole and give ten seconds, and so on. When the paper is 
subsequently developed the several exposures can be 
readily identified, and the negative can be labelled to the 
effect that it requires so much exposure at a given distance 
from a flame. Thus — Bromide paper, 18 in. 25 sec. This 
negative will then be an infallible guide for the exposure 
of negatives of a similar type ; for a systematic worker, 
unless he be quite a beginner, will fall into the way of 
producing negatives of much the same character and 
strength, and printing from them by lamp light will then 
become an easy matter to hijpi. 

After this somewhat long but not unnecessary digression, 
I will resume my directions for enlarging on bromide 
paper, and for the sake of simplicity will suppose that the 
operator is not supplied with the special form of easel 
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which I have referred to, but is using a mere board for the 
purpose. 

The paper is supplied in cases, either in flat sheets, or 
rolled with the sensitive sui-face inwards. A piece of the 
required size is pinned on the focussing board ; and the 
best way to do this is to pin the two upper corners 
first, and to unfold the priper over the board, pinning it 
down at the edges as required. Drawing-pins will do, but 
ladies' bonnet pins are much more easily handled in the 
semi-darkness of the room. Now uncover the lens for the 
proper time, and be Ciireful that the lantern is quite free 
from vibration. If you wish the picture to be vignetted, 
this is most easily managed during exposure. A piece of 
brown paper, a foot square, is cut in the centre with an 
oval opening, with a serrated edge. Hold this in front of 
the lens, and keep it in gentle movement, so that the 
pointed edges of the paper are always changing their places. 
This will cau.se the edges of the picture to be ill-defined, 
and a white m iri>'in will be left outside them. 

I need hardly point out that in enlarging by this method 
the operator has a woude.'ful amount of controlling power 
at his disposal, in bringing out certain parts of the picture 
with extra density, and reducing those parts which may 
require such treatment. Thus the distant portion of a 
landscape may be lightened by a card moved with discre- 
tion over that part of the image during exposure. If, too, 
some point in the negiitive is of unusual density, it can 
receive extra exposure by using a card with a hole in it, 
in front of the easel. 

At the end of the exposure the lantern is capped, the 
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paper is unpinned, and carried to the developing dish. It 
is now saturated with cold water on both sides, and cleafi 
hands may assist in spreading the water over the surface 
until it lies perfectly flat on the bottom of the tray. The 
water is now drained off and the developer applied. The 
ferrous oxalate method is by far the best to adopt, but the 
proportion of iron should be reduced to about one-sixth, or 
even one-eighth of the oxalate solution ; and to insure the 
best results, the exposure should be such that only a very 
small dose of bromide solution is necessary. Some workers 
prefer to bring the image out slowly by using an old 
ferrous oxalate solution. I myself prefer it mixed per- 
fectly fresh, and am quite certain that if the best results 
are looked for, fresh developer should be mixed for every 
print required. The development must not be carried too 
far, for the image gains in density under fixation. When 
development is judged to be complete, drain off the liquid, 
and immediately, without washing, flood the surface of the 
picture with an acid solution. 

Acetic acid (glacial) 1 drachm. 

Water ... ... 16 oanoes. 

The addition of this solution keeps the whites of the pic- 
ture pure. In a minute or two pour the acid away, wash 
the print, and fix in fresh hypo of the usual strength. The 
print ought to be fixed in about ten minutes ; if it is allowed 
to remain in the bypo longer than necessary the half-tones 
are quickly destroyed. Now wash the paper in several 
changes of water, and let it soak for a couple of hours at 
least before drying. 

It is not very difficult to print in clouds, from a separate 
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I had oceasion to obtain from some half-plate negativeE 
some copies of them on plates measuring 16 by 13. The 
problem I put to myself was this, — which is the quickest 
and best way of accomplishing the work ? After some 
consideration I determined to work with the limelight, 
for the weather was dull and uncertain at the time I am 
speaking of, and 1 thought that I would at once eliminate 
one common source of error by adopting a mode of illumi- 
nation which represents a constant quantity. This being 
settled, I next thought over the different systems of en- 
larging, and finally decided to try a new plan. 

I am so constantly using the lime-light for lecture 
purposes, that a residue of oxygen is always at hand, 
ready for any home experiment that I like to try ; other- 
wise, I should, perha[.s, have decided to carry out my plan 
with some other illuminant. Fitting a blow-through lime- 
jet to an experimental lantern with a 4- inch condenser, 
and with a quarter-plate portrait lens as the objective, my ' 
optical arrangements were complete. But a 4-inch con- 
denser is clearly useless for projecting the image of a 
negative nearly double its area. My first operation was, 
therefore, to make some small positives on glass from the 
negatives. This was easily done by fitting the negatives 
into my copying apparatus, and using a quarter-plate 
camera. The size of the resulting positives was just two 
inches across ; smaller, it may be thought, than was abso- 
lutely necessary. But, by this plan, I employed the best 
part of the projecting lens, and there was no chance of any 
falling off in sharpness at the margin of the pictures. 

The small positives were made with very great carei the 
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osposura and davelopment being bo controlled that the 
resulting piutnres were somewhat denser than wonld bo 
advisable for an ordinary lantern-slide. They eshibited in 
miniature every detail to be found iu the uegiitives to 
wliioli they owed their origin ; tind, in more than one case, 
iin improvement was effected in the process of i-ednction, 
fi)r some of the negatives were yellowed in cei-taiii portions, 
and wonld. therefore, print nneqnally. This was obviated 
by sluuling dnring exposnre. 

The positives, although measuring only 2 inches across, 
were taken fwr convenience on the standard plates for 
lantern pictures, 3J by 3| ; so that a broad mai^n of 
clear glass remained all round them. Tlils was covered 
with black vamish, after which the glasses were fitted into 
the usual grooved carriers employed in lantern work. 

The next thing was to arrange a proper focnasing-screea 
for the reception of the image. Tliis took the form of a 
alicot of gl.iBS, 16 by 13, covered on one aide with white 
paper. Temporary woodeu o ips, fastened to the wall at a 
convenient height from the gronud, hold this papered glass 
in poaitiou, and in snch a way that It conld be readily re- 
moved iind a sensitive plate put in its place. 

It is with regard to the sensitive plates that I mnst now 
speak. I fonnd that commercial plates of the size required, 
16 by 13, were very expensive; if I remember rightly, some- 
thing like £2 per dozen was the price quoted to me. This 
was more than I cared to expend on mere eipcrimental 
work ; besides which, it goes against the grain to bay 
plates when one has been in the habit for years of making 
them of nnsurpiissed qii;i.lity. I now bethought me that I 
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had put away somewhere a jar of chloride emnlsion, which 
I had made some months before, and had left neglected for 
want of opportunity to make plates from it. Why, thought 
I, should I not make some 16 by 13 plates with this 
chloride emulsion ? The thing was no sooner conceived 
than put in practice, and that night the plates were coated 
and racked, to the number of eighteen. I also was careful 
at the same time to cover a few quarter-plates, with which 
I could make trial exposures. 

There is one great advantage in manipulating chloride 
emulsion and the plates made from it : it is so insensitive 
— about 100 times less so than bromide plates — that the 
brightest of yellow lights can be used without affecting it. 
I use a brilliant paraffin lamp, surrounded by a wire fence, 
and t'.is is covered with a screen of yellow oiled paper. 
The light given is so great that a book can easily be read 
at the further end of the room, and my coating-room is 
quite a large one. 

Two days later I was ready for work, and had the 
lantern adjusted at the right distance from my focussing- 
screen on the wall to give an image of the required size. 
Carefully focussing the first picture, I took one of the 
little trial -plates, and held it against the focussing screen 
for one minute. Upon development it showed under- 
exposure. One or two more trials resulted in my finding 
that the correct exposure was ninety-five seconds. I now 
felt some confidence in dealing with the larger plates, and 
I exposed three, one after another. 

Now came the development. 1 mixed, first of all, one 
pint of developer from my stock solutions, and this I put 
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into a jng. The first plate was pat into a dish, and the 
whole jugful swished over it. The imrge flashed out at once. 
This is always the case with my chloride plates, so that it 
did not surprise me Keeping the developer moving over 
the plate, I lifted up the glass at intervals so as to watch 
its progress. In about four minutes it had attained 
sufficient density. I then emptied the developer back into 
the jug, for I knew it would serve for several plates in 
succession. The negative in the dish was now thoroughly 
washed witli about a gallon of water, and transferred to 
the fixing-bath. The remaining plates were then -treated 
in exactly the same way, and without a single failure. 

There was at first some difficulty in thoroughly washing 
such large plates, but I solved it by making use of the 
bath-room. The bath was filled with water, and the 
plates were placed along the sides, film-side down. In less 
than an hour they were thoroughly freed of the fixing salt. 

These negatives were all that could be desired. Some 
of them were purposely reversed for printing by the 
carbon process, this reversal being brought about by the 
simple expedient of causing the film-side of the little 
positive to face the light in the lantern. Their perfection 
of detail may be gauged by the following : In one case the 
little positive had become rather dusty previously to 
exposure, and I took it out of the lantern, and rubbed its 
varnished surface with my handkerchief. This caused 
some tiny scratches upon it, which were at the time quite 
unnoticed ; but the scratches were clearly visible on the 
enlarged negatives. They were, certainly, not thicker 
than the finest spider's web, — but still, there they were. 
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I have already indicated how this work of enlai^ng 
can be done with an ordinary optical lantern, bo long as 
the Biee of the negative is not above that of a lantern 




slide. For larger n^atives it is far better to use a proper 
enlarging lantern of the type shown at fig. 60. 





CHAPTER XVII. 



THE LANTERN MICROSCOPE AND THE OPAqUB LANTERN. 




P to a recent date the so-called lantern micro- 
scope supplied by various dealers was but a toy, 
having all the faults which it was possible to 
imagine in an optical instrument. Moreover, it neces- 
sitated the use of specially prepared objects of large size, — 
the wings of insects and the like. But latterly a good deal 
of ingenuity has been expended on the instrument, and it 
has been brought to great perfection. Objects as prepared 
for the ordinary microscope can now be used for projection 
in the lantern microscope, and this one change of the 
conditions under which the instrument can be used points 
to an improvement of no mean kind. 

Tliere are certain requirements to be looked for in a 
really serviceable lantern microscope. The first of them is 
good illumination. The most perfect form of limelight jet 
must therefore be used, and even this, when the higher 
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powers of the instrument are employed, is far from being 
enough. The electric light would obviously be the best 
form ' of illuminant to use for the microscope, but the 
incandescent variety is far too feeble, and the arc form 
possesses neither the steadiness nor the accuracy and per- 
manence of centreing which is so requisite in microscopic 
work. So to the limelight we must at present confine our 
attention, aiding it as far as possible by careful arrange- 
ment of the lenses used in conjunction with it. Hence tiie 
condenser must be of the best form, and must be seconded 
by a substage condenser suited to the objective or power 
which happens to be used. Provision must also be made 
to filter the light through a layer of alum solution, which 
absorbs the heat rays, and saves valuable objects from 
being destroyed. 

Having secured the brightest light possible, and done 
our best to concentrate it upon the object, we have 
next to consider the best means of forming an image of 
that object upon the screen. An objective may do excellent 
work with the ordinary microscope, but utterly fails to 
give a satisfactory image on the lantern screen. Perhaps the 
definition in the centre of the disc is satisfactory, but the 
margins are all hazy and indistinct. One may examine a 
large numberof objectives with the lantern microscope before 
one is found suited to the work. But makers are now 
giving serious attention to the requirements of the recently 
perfected instrument, and objectives of great excellence 
can be obtained. 

One of the most perfect as well as simple arrangements 
for showing microscopic objects with the ordinary lantern 

B 
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19 the attochment aliowii at fig. 61. This contrivance 
may be compared to an ordinary microscope with its tube 
pemoved, and with the lantern light at the back of the 




stage instead of the mirror. The attachment is fixed 
on the Inntern in place of the nBiial objective, and the 
objects to be shown are supported in a vertical position by 
spring clips. The microscope objective is held, as shown, 
on a movable ann worked to and fro by a milled bearded 
focussing screw. At the back of the object is a subatage 
condenser, not shown in the cut, and a. revolving plate 
with different sized diaphragms. A trough containing a 
Batarated solution of alum is placed on the lantern stage 
to protect the objectives from heat. In nsing the instru- 
ment the limelight must be adjusted in distance from the 
condensing lens for each different power nsed; and, indeed, 
for every change in the diameter of the diaphragm 
employed. For living objects, snch as those illustrating 
pond life, a small tank is used, and is placed against 
the spring clips The objectives suitable for this form 
of instrument ai'e those which range between 3 in. 



and 4-lOtha of an inch. Ita performance leaves little to be 
desired. 

A far more elaborate form of lantern microBCope is that 
which ia shown at fig. 62, and which has been designed 
by Mr. Lewis Wright. In the opinion of moat of our 
eminent microacopists, incladingDr. Dalliiig'ep and the late 
Dr. Carpenter, this instrument ia by far the most perfect 
of the kind ever prodaced. It ia certain that no better 



effecte are possible than are produced with high-po' 




objectives with this microscope, until the electric light 
may be so perfected as to place a new power in onr handa, 
A flea 15 feet long, literally larger than an elephant, is 
shown with thia microscope brilliantly and exqnisitely 
defined, while the circulation of the blood in a frog's foot 
can be as easily seen aa by the faible microscope. 
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The instrument can be made either complete in itself, as 
shown in the cuu, or it can be fitted to any good optical 
lantern. In the first case, it is provided with a triple 5-in. 
condenser, which insures the maximum amount of light, 
and in the latter case the lantern condenser, of whatever 
form it may happen to be, is brought into use. The 
illustration gives a very fair idea of this instiument, by 
which the relation of its various parts can be well under- 
stood. It has a coarse adjustment focussing screw, as 
well as one for fine adjustment. The tube in front of the 
objective is for the reception of various lenses to give 
extra amplification, and the necessary alum-tank is let 
into the brass front tube, midway between its supporting 
pillar and the large condensers. The details of the stage 
and revolving diaphragm plate are much the same as in 
the instrument last described, but the substage condensers 
are of varying foci, and are suited to the different objec- 
tives employed. The milled head immediately above the 
pillar is in connection with a rack tube, which provides the 
necessary distance adjustment for these condensers. 

THE OPAQUE LANTERN. 

It will be at once conceded that most objects, animate 
and innuiniate, cn.n be photographed, and that such photo- 
graphs can be used as lantern pictures. But there are 
still others which cannot be so treated, or rather, which 
can be better shown as opaque objects. The worker with 
the microscope will be able to appreciate the possibility 
of showing, by means of the lantern, objects which are 
not transuarent. Some of the most beautiful effects 
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Been in the microscope are by means of opiiqne objects 
viewed by meiina of the spot lens. In like manner we 
i!im obtain wonderful effects by the use of the opaqne lan- 
* tern. Let me give one or two exitmplea of the use of Buch 
an inBtmment. Suppose that a lecture npon the history 
and construction of the watoh is contemplated. How dull 
such a lecture would be if illustrated merely bj a set of 
diorama ! The audience would soon be lost in the maze 
of toothed wheels and springs, and few would nnderstaad 
the difierence between one movement and another. Bat let 
the same lectni-e be illustrated by watches in action, theif 
enlarged images thrown on the Bcreeii, and their wheela alt 
at work, ajid how difFerently will the audience regard the 
subject before them. Every tiny screw, the brilliant bloo 
of the steel parts, the very grain of the metal ia beauti- 
fully shown, while the ceaseless and silent working of the 
mechanism adds greatly to the picture. Coins and medals 
can ulso be splendidly shown by the same apparatus, and 
far bettiar than in ai\y other way. Various fruits can be 
shown in section ; a lemon or orange so treated being a Very 
curious object, especially if it be squeezed, when the pipa 
and juice fly upward, or, at liny rate, appear to do so. A 
freshly -opened oyster makes another peculiar object for 
the opaque lantern. These few eiamplea will show that 
this form of lantern is one which can be of great use in 
intelligent hands. It is especially serviceable to the 
owners of cabinets or col'eetions of curioaitiea, — moths and 
butt«rflies, coins, medals, shells, mi ue nils, ifec., — which 
cannot readily be photographed, or which it is desirable to 
show with their natural colouring. 
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THE NMK OF THE LANTERN. 

The opaque lantern was first devised by Chadbnm, and 
for a long time wits known by bis name. Its construction 
is simple enough. The object is bo placed that it csm be 
strongly illuminated by tlio condensed raya from either 
one or two limelights ; an objec- 
tive lens being used to form the 
inmgo on tbe distant screen. 
The annexed diBgram, fig. 63, 
will explain tbe relations of the 
difEerent parts of » good opaqne 
lantern. LL are the limelights, 
CC the condensers, O the ob- 
jective, and E the object to be 
tiliown. At one time, a large instrument of this type was 
miide for casting the image of a human face on tbe screen, 
the lenses being of immense size. I saw this instrument 
at work more than once, but its effect wiis most dis- 
appointing. It certainly was uot worth the trouble and 
expense incnrred in its construction. It was, of oonrae, 
fitted with a reversing lens, so that the face should appear 
the right way up. The owner of this face, by the way, 
suffered tortures during the short time of exhibition, for 
the powerful limelights close to, and on each side of his 
head, were so hot that they blistered his skin. He was 
made to smUe at the audience, and tiien to drink their 
good health in a glass of wine, a refreshment which tbe 
poor man really needed after his grilling. 

Under the name of Aphengescope a contrivance is now 
made for fitting on to the ordinary form of lantern, tboa 
dispensing with the cost of extra lenses. With a lantern 



thus fitted ordinary carte de visile portraits can be shown, 
as weU as the obiectR already enumerated. Fig. 64 shows J 




a modifiw! form of aphengescope fitted to a lantern which,* 
at the same time is ready to show slid«s in the ordinar 
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rnnniier. It will be noticed that behind the objective is 
placed a sloping mirror, which reflects the light upon the 
ciird, photf^mph, or other object above it The objective 
is then shifted from its nsnitl position to an orifice above, 
which ia shown in the cnt with a stopper in it. This 
IttiitcTn — the design of Lftverne & Co. — is lighted by a 
tninenJ niMamp, but, ohvionsly, the limelight could be 
Miapted to it. Mr. Mcdliuid, of the Borough, has intro- 
duced a liui(«m on the same principle, see fig. 65. So much 




light is necesaarily absorbed by the arrangements of the 
opaque lantern, even in its best forms, that the brightest 
of illuminante muat be secnred to give it full effect 
It is on record that some years back a form of opaque 
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lantern was used in an American Law Court to demon- 
etrate to a jnr; the manner in which a docnment had been 
tampered with by a forger. lUimiiiiated by a strong side 
light, the magnified inu^e showed clearly where the tex- 
ture of the paper had been disturbed, both by eritsare and 
by the action of chemicals. 





OHAJPTER XVIII. 



LANTERN ACCESSORIES. 



CARRIERS. 




LANTERN, as su[)plied by the dealers, is with- 
out any means of h(tlding the slides during 
exhibition. The slide stjige is there, but it is 
about 4 J inches in height, while the slides themselves 
are 3^ inches square. To obviate this difficulty, it 
becomes necessary to fit this stage with a wooden 
contrivance called a slide carrier, which can be pur- 
chased of many different patterns. Professional exhi- 
bitors use a wooden frame for each separate slide, but 
this plan is both inconvenient and unnecessary for the 
amateur. Besides which it is positively a bad plan for the 
user of a single lantern ; for as each picture is removed, 
and another one put in its phice, the screen is left bare 
while the transfer is effected. This not only has a bad 
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effect, Irnt it is diatrHcting to the audience. Moreover, the I 
pictnreB anffer, for they compare diaadvantageonsly J 
with the far brig-Jiter white disc by which they are 1 
alternated. 

I can recommend two forms of carrier which obviate I 
thifl difficulty. The first is a grooved frame, open at either I 
side, with a travelling tape in the lower groove, which is I 
put in motion by a winch handle. The slides move [ 
through the lantern one after another, like a panoram% I 
hnt care mnst be taken that they are not allowed to fall 1 
ont and get broken as their time for exhibition expires. I 
The other form which I recommend is qnite different in J 
principle, and of the two methods 1 prefer it. In thia j 
latter carrier there is a kind of centra] frame which ] 
IE accurately adjusted to the lantern atag-e. Within it, 
and moving freely from right to left, is a, double carrier, 
hdlding two pictures aide by side. While one picture 
is being shown, the other is being changed, the right 
and left hand carrier being used alternately. The sole ■ 
objection to thia form of carrier is the necessity for I 
the exhibitor to reach over his lantern bo as to change ( 
every other picture, which is a slightly awkward thing to I 
perform. 

A modification of this sliding principle, which consiste 4 
of a double changing st^e, working vertically, has been 
introduced, but I fancy that the lantern must be i 
fitrncted purposely for it. I mean that it is not sold ae 
independent carrier, which can be fitt-ed to any existing | 
lantern. This oonsideratiou, of course, greatly limits ita 1 
adoption. 
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Wliiting'o patent arrangement for facilitating the ex- 
hibitioQ of nlidee is extremely ingenious, but seems to me 
to be ftn adnptAtion of Samnele' cbanging box, for photo- 
graphic ciiniotTis. At nnj rate, the siinie prinHple ia 
involved. It coiifiste of ft pusher of wood working be- 
Incun grooves on tlio lantern stage. Clone ngtiiHst it ia a 
box of slides with a jiowcrful spring &t the bitclc of them, 
eo that they are forced up agniuit the pusher, the front 
one being always in tlie right position to be pushed foiv 
ward on to the stage. The act of moving the pusher 
sends a picture on to the stege, removes thtit previously 
shown, which goes into another box, or drops down an 
inclined plitne out of the way, and at the same time the 
lens it) Goverod eo that there is momentary dai-kiiess on 
the sheet. This darkness ia, I think, preferable, and less 
trying to the eyes of the audience than if the actnal 
change of picture took place visibly. 

Other forma of carriers provide in a different manner 
for tho lens being covered at the moment of cliange. One 
very good one consists of a piir of wings, which open and 
close aiiti>matioally over the front of the objective lena 
as the change is made. In this case the first picture 
seems to darken down on the screen towards the centre, 
the reverse action immediately discovering tho nex^ 

The following remarks, whioh were written by me, and 
were published in the Yearbook of Fhotography, will 
describe the kind of carrier which I myself use : " When 
a man is in the habit of traveUing about from place to 
place ou lecturing inte^u, iie will, if wine, reduce his 
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impedimenta in the shape of lantern and lantern belongings 
to the smallest possible bulk consistent with efficient work. 
As much of my time has been and is spent in this way, 
I have given a great deal of thought to this matter of 
reduction of bulk, aud have achieved some little success in 
it. But it is only to one particular point that I now wish 
to draw attention, and I do so in the hope that what I have 
done may be as useful to others as it has been to me. In 
the first place I think that all lecturers will agree that each 
lantern picture should be fitted in a carrier of its own. The 
various forms of panoramic and shifting carriers which are 
fixed in the lantern while the glass pictures are passed 
through them at the time of exhibition are all very well 
for home use and private work, but in my opinion are not 
suitable for employment in public halls. I need not name 
all my objections to them, for one will suffica The 
pictures are not sufficiently protected from breakage, and 
the risk of breakage, even of one slide out of a set, is a 
thing not to be thought of by a good exhibitor. At first I 
used 7 by 4 mahogany-grooved carriers for all my pictures, 
but I found that they were objectionable, on two grounds : 
one of these is that they readily break, and the other is 
that in packing they take up far too much room. It was 
to obviate these difficulties that I designed the carrier now 
to be described, and which I have had in constant use for 
three years with every success. My only objection to it is 
the necessity for making it myself, which is perhaps no 
real objection at all, for a little carpentry forms a healthy 
relaxation to one whose occupations are chiefly of a seden- 
tary nature. 



My BlideK»rrier consiate of n piece of wood 7 incheB lon^ 
and 4 inches wide, with n square op<^niiig in. tlie centre to 
receive the glasK picture of the staudurd size, 3^ by 3^ 
inches. TliiB is faced on each side with a piece of card- 
board, the opening of which is so much smaller as to form, 
n n'Uite in which the picture rests, and from which it 
i.'annot &kll out. 

And now to describe the method of maniifiictnre. First 
procurotwopiecPBof sheet zinc, each nieaaaring 7 by 4 inches 
outside, but having openings of slightly different areas. 
These are indicuted in tlie annexed cut {fig. 6G), the opening 



in one piece of zinc being shown by unbroken lines, and in 
the other by dotted lines. It is best to make these patterns, 
in the first instance, in thin card, and to hand them to a good 
workman to cojiy in zinc. (I may mention in parenthesiB 
that hero 1 found my chief difficnlty. The average British 
working man who has been brought up in the zinc industny 
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can make a first-rate chimney-pot, but when out of the 
chimney-pot groove he is rather at sea. If he tells you that he 
can cut out in zinc your pattern correctly, " Trust him not, 
kb's fooling thee " ; at any rate, carefully check his work, and 
you may find it out a trifle, and this trifle when magnified 
in the lantern is no trifle.) With correctly-cut zinc patterns 
you can get through the work of making carriers very 
quickly. The piittem with the larger opening may be 
labelled W, for it is for wood only, and the other labelled 
C, for cardboard. 

The wood to use is the best pine, which in thickness 
should approximate to the average lantern slide, say one- 
eighth of an inch. This can be obtained at any good saw- 
mills. Laying the zinc pattern on this, and pencilling 
by its aid, a whole board can be quickly marked out for 
cutting. This cutting can be easily accomplished by using 
a sharp shoemaker's knife. The cardboard can be of the 
thinnest description, and this, too, can be cut in the same 
manner, using the zinc pattern designed for it. With 
several wooden pieces ready cut, and double their number 
of cards, you may now proceed to put them together. With 
good hot, but thin glue, paint over one surface of the wood, 
and press one of the cards upon it, taking care that the 
centres of the two agree. Place the joined pieces on your 
work-table, with a heavy, flat weight above them ; when 
No. 2 is similarly treated, place it also under the weight, until 
you have a goodly pile of pieces of wood faced on one side 
with card. Leave them for the night The next opera- 
tion is to place a glass picture in each half-formed slide, 
and to glue the cardboard face to each. Once more the 
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hot glue and weight operation must be repeated, until the 
batch, — Bay two dozen tlides, — is complete. When com- 
plete, this batch, with a piece of blank board at each end 
of the pile, may be screwed up between a couple of car- 
penter's cramps, and left before the kitchen fire all day cr 
all night, until the glue is thoroughly hardened. When 
quite dry and hard the slides may be separate 1 and again 
arranged between the cramps, in such a position that their 
edges can be run over with a sharp plane. After this thev 
can be separately rubbed on every edge with glass paper, 
and, when dusted, they are finished. 

The advantages of these carriers are many. Firstly, 
you may drop one from a height of 6 feet from the fl^oor 
with absolute impunity. Secondly, if the zinc patterns 
be correctly cut, the slides will register correctly with one 
Another. Thirdly, six dozen, — which is about the usual 
complement for a lecture set, — will pack in the space 
occupied by three dozen under the old system. The sole 
disadvantage pertaining to these carriers is, that the pic- 
tures cannot be readily shifted from one to another. The 
remedy is obvious. For lectures of an ephemeral cha- 
racter, — I mean for those the subject of which is merely 
of passing interest, — use the old form of carrier, but for 
more permanent ones adopt mine. 

LANTERN LEGS. 

It is given to a few to know what it is to arrive at a 
schoolroom or other lecture-hall in some remote country 
district, and to expect to find a few conveniences ready to 
hand. The first thing to ask for is a table, upon which 
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can be placed the lantern-box, while the lantern itself com- 
monly screws to the top of the said box. There is always 
a diflBcnlty in finding the right kind of table. It is either 
too small or too large, or else it is rickety and unsafe, or 
perhaps it is to© beautiful to be devoted to such a heathen- 
ish purpose as the support of a lantern-box, — all which 
things happened to me and my assistant times out of 
number, until I invented a lantern-support for myself, 
consisting of four iron legs. With them I can now laugh 
the decrepit local table to scorn, and the beauty of the 
leather-covered library specimen, which must not be 
touched by sacrilegious hands, is a thing which ceases to 
interest me. In a word, I am independent of such primi- 
tive supports, and am as proud of my iron legs as is a 
Chelsea pensioner of the wooden understandings which he 
exchanged in the Crimea for those with which he was 
bom. 

The accompanying sketches will in a moment cause the 
form and purpose of these legs to be understood. They 
are made of iron, having a sectional area of 1 inch by 
three-eighths of an inch. Each fits into a socket upon the 
lantern box, and each has at its lower end a kind of flat 
toe turned outwards, through which is a hole by which 
the leg can be screwed to the floor. This, however, is 
hardly necessary, for the weight of the lantern and its 
box, together with the slides which it contains whilst in 
use, are quite sufl&cient to make the whole arrangement as 
firm as a rock. 

In the annexed cut (fig. 67) A is the lantern box, fitted with 
a strong frame at the bottom, F, upon which the sockets can 

8 
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be screwed. L is one of the legs in position. T is an 
enlarged view of the toe of one leg, showing the screw- 
hole where it can be attached to the floor. A^ is a socket. 




Fig. 67. 



showing how it is composed of two pieces of iron, one flat 
and one bent. I may mention that the top of the leg, 
which fits into the socket, is diminished in size for that 
purpose, and that the shoulder thus formed on it holds it 
firmly in position. I have used these legs for several 
years, and have never seen anything which would fulfil 
their purpose so well. They can be secured for travelling 
by a couple of leather straps, or can be made to go inside 
the lantern-box. Their combined weight is fourteen 
pounds. 
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HAND OAUEBAS. 

Photographic negatires for lantern alidea should 
rather Jeas dense than those nsed for ordinary printing I 
upon paper : hence it is better to take uegatives for the 
pnrpuse than to ntilise others which have been taken for 
oi'dinary reproduction. The leaser density muBt he gained 
by stopping the development judiciously, arid not, of 
course, by checking the exposure. There are many 
cameras now to be had which take Rmall negatives suitable 
for hintern work. These are so compact and self-contained 




that they require no atand, focussing cloth, or othei iidjunct 
and will readilj pack awaj m a portmiinteau or box 
without inconvenience to the traveller The author has 
used a camera of this description with great ad\ antage, and 
has taken manv dozens of instantaneous pictures with it 

A useful form of hand camera introduced by the 
Stereoscopic Companj in hire shown (see fig 68) 
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Another camera wliich is made porposely for lantern. 
slide ne^tive making liaB been recently introduced 
Messrs. Majfield & Cobb. This will, when folded np, easily 
go into the pocket, nnd is used like the Itist-described. 
whilst held in the hand (see fig. 69). 
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Fig. 69. 
A gret,i deal of attention hiw lately lieen i 
respect to so-called detective camenis. Tliey would perhaps 
be better described as concealed cameras, for there are many 
reasons why they cannot, except by some happy conjunc. 
tion of circnmstances, be used in the detection of crime. 
Their ipannfacture has cortninly Iwen brought to great 
perfection, and a wonderful amount of ingenuity has been 
displayed in their construction. From experience 1 can 
speak moat liighly of the good pictures which can be pro- 
duced by them. But one essential condition must not be 
absent ; such pictures want absolute sunshine. I give 
three examples of these detective cnniems. Tlie first, 
Watson's (fig. 68), is a leather-covered box, containing as 
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will be seen oj the dotted Imea, a complete camera. Thia 
camera can be focussed and manipuliited altogether by 
toucbing battoiiE on tbe oatside of the bos. 
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Next I notice Marion's Parcel Camera (fig. 71), which ] 
ia of difEerent ixmafcruction altogether. It conaiste of a 
covered bos, like a parcel, but this box forma the camera 
with ft lens in front concealed by a paper flap. The 
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natration shows the ftppearftnce of the underside of the 
box, with ft slit at one end for tlie reception of the sensitive 
plate and the inatantaneous shutter apparatus at tbe otlier 
end. The plate is contained in a bag of the shape ehown 
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(it fig. 72, which locks on lo the aperture in the bottom of 
the boi, when » plate lias to be tmnsfcrred from one 
to till.' other. I have found both these cameniB to work 

poriwtly. 
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The newest arrangement uf the kind is the Kodak 
Camera introdnced by the Euatman Company (see fig. 72). 
In this small box a hundred pictures cun be taken hy 
the simplest possible tiiovcmcutA. It contains a ribbon 
of sensitive niatorial, which is used panorama fashion 
inutead of glass plat«s. 




Q convinced that there is a vory great future before 
those detective or concealed camerae. That they will pro- 
duce negatives of first-class quality, I have proved again 
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and again, and it is the thought that such negatives can be 
80 readily made to give lantern slides, or can be used for 
enlarging purposes with the help of the lantern, which has 
induced me to give this brief notice of them in my chapter 
on lantern accessories. 
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CHAPTER XTX. 



■B TO THOSE WHO EMPLOI THE LANTERN BOB 
SClBNTiriC DEMOKST RATION, OR FOR ENTEEIAINMEHTS IN 
TBB UKAWINO-BOOM OB LECTUBE-BALL. 

^'N tlio foregoing' jn^b I have endeavoured to 
cli;Ri.'ri]>e tbe Iwet methods of manipulating the 
lautorn; nod I hope that I have done 80 in such 
lo I'nable all my renders readily to under- 
stand the working of this beirotiful inetrnment. I feel 
convinced that if tny instmctiona are carefully followed 
all will go well, — nt all events, in the apporatna depart- 
ment. But the best iustrument is no good unless the 
lecturer be an effiuient ahowmRU and speiiker. Unfor- 
tunately many essay the taak of lecturing who are physi- 
cally unfit for it. There are many gixid-natured people in 
the world who will undertake, very often for some charity, 
to act as lecturer in a school-room, the slides being 
borrowed from some optician with a, printed lecture fitted 
to them. This good-natured man will take up the work 
withoflt i;iuch thought or consideration, and the result ia 
too often a very bungling peiiorraance. A man may havo 



THE BOOK OF THE LANTEBK. 265 

a fund of knowledge, but lack the power of imparting it to 
others. The fault is common enough in the pulpit, where 
it is often the case that a clergyman who has won high 
honours at the university, and as a reward for his scholar- 
ship finds himself in due course incumbent of a living, is 
an utterly incapable speaker, greatly to the distress of his 
congregation. He can of course compile or write a good 
sermon ; that is to say, a discourse which is carefully con- 
structed and perfect as a specimen of written English ; but 
when he gets into the pulpit he reads it out in such a 
droning voice, and with such a lack of emphasis, that many 
of the congregation dose off into peaceful slumber. Many 
lecturers have tho same want of ability, and it is this 
circumstance that has had the effect more than any other 
of prejudicing people against a lecture, as a thing which is 
necessarily dull and the reverse of entertaining. 

More than once it has fallen to my lot to lecture in some 
hall which is strange to me, and on such an occasion 1 have 
generally asked the hall-keeper if a large audience may be 
reasonably looked for. The answer is too often something 
like this : — " Well, sir, the people hereabouts don't much 
care for a lecture ; but last Saturday night the place was 
crowded from floor to ceiling." " Dear me ! " is my answer, 
" and who was the lecturer on that occasion ? " " Lor* 
bless your soul, sir, it wasn't no lecture, it was niggers." I 
leave my readers to imagine with what feelings I looked 
forward to the pleasure of meeting my audience. 

A lecture entertainment will fail sometimes owing to the 
total incapacity of the speaker, — to his bad articulation, 
nervousness, lack of voice, or want of tact in dealing 
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with the audience. Still more often £&iliLre is doe to bad 
arrangement of the matter which the lectnrer has nnder- 
taken to deliver. The remedj f(^ this last fanlt is 
obvioas, namely, a conrse of training in the reading of 
standard worlLS. Some maj perhaps think I am recom- 
mending an old-fEkshioned book, when I name ^^ Blair's 
Lectures on Rhetoric," as a rerj valnable aid to the writer 
and speaker. I wonld ad^rise all beginners to write their 
lectnres and go over the matter again and again, before 
tmsting themselves on the platform ; and in constmcting 
the &kbric of their discoorse, let them remember that the 
sentences shonld be as a role shorter than if the words were 
merely intended for the eye of a reader. A sentence con- 
sisting of several lines without any fall stop, althongh it 
may pass in ordinary composition, is very tiresome to listen 
to ; a most attentive audience will, by the time the verbose 
pttnurraph ends, forget its opening, and the sense be 
conse»iuently lost. Agiiin, in composing a lecture which 
is illustnitetl by lantt-rn pictures, care must be taken to so 
arrange it that the pictures come in naturally, and are not 
dragj^tnl in willy-nilly, as if they were in stock and must be 
shown at any price. The views should be the best of their 
kind, but must be altogether subservient to the text. If a 
part of the subject is of such a nature that it may be likely 
to prove teilious to an audience, — and audiences differ 
am.izino-ly in their receptive faculties,— that part should 
either be compressed, or it may be lightened by a good anec- 
dote, or even by some illustmtion which will raise a laugh. 
Such pictures intnxluced with circumspection are most 
Ucjoful • but the power of employing them should be used 
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sparingly. Let the lecturer look npon them as the high- 
lights of a work of art. The novice with a brush will daub 
such high-lights on every projecting corner of the compo- 
sition, until the beauty of the whole is lost in their glare ; 
a true artist, on the other hand, will deftly put in a touch 
here and another there, with the result that the whole work 
is brightened and generally improved. 

The grosser faults into which a novice in lecturing is 
apt to fall are generally the result of simple inexperience 
or carelessness. He should make it a golden rule that 
whatever may occur he must not lose his temper. In the 
ordinary affairs of life, the man who can control his temper 
has always the best of an argument ; and still more so is 
this the case on the platform (and on this platform, let 
us remember that there are often some very trying inci- 
dents to deal with, particularly amid the darkness of 
lantern illustrations). I once found it very hard to control 
both my sentences and my temper, when I became aware 
that I was a target for some mischievous boy *s pea-shooter ; 
but on politely addressing the unseen youth, and telling 
him that I knew he was a very small hoy, and that therefore 
I could excuse his childish conduct, but at the same time he 
must keep his peas in his pocket, the nuisance stopped. I 
recently heard of a case where an inexperienced lecturer 
was loudly told more than once to " speak up." Instead of 
taking this invitation as a valuable hint, and acting upon 
it as he should have done, he retorted rudely, and the audi- 
ence refused to listen to him any longer. It is to be hoped 
that he will not again attempt work for which he is 
evidently quite unfitted. 
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lu lectures of a popular and entertaining character, 
it is often desirable to introduce a little music; but if 
this is done at all it should be done well, the lecturer first 
of all satisfying himself as to the capabilities of the 
musiician. They should then arrange together where the 
music is to come in, and the player should have furnished 
to him by the lecturer a set of cues, with hints as to the 
nature of the music to be played at the occurrence of those 
p rticular words. To show that this precaution is not an 
idle one, let me state that recently I heard a lecture de- 
livered in which a few bars of music came in at stated 
times. On one of those occasions the lecturer was showing 
li tomb erected to the memory of some celebrity who had 
recently dep irted. He described this tomb and said a few 
touching words with reference to the high character of the 
departed one ; and, he had no sooner finished, than the 
pianist at his ell)ow struck up a merry w^i.ltz ! 

Th(3 lecturer should be careful to select an intelligent 
oper..t()r. The man employed should be one capable of 
concentrating his attention upon the work which he has 
to do. The gases will i'e(pure attention, the lime wants 
turning every few minutes, or the light from the lantern 
soon drops ; but, at the same time, too much should 
not be thrown upon the hands of the operator ; for in- 
stance, the lecturer should make it a standing rule to go 
carefully through the slides which are to be shown before 
the lecture commences, so that each one is not only in its 
proper place, but each is so arranged that the operator will 
hardly be able to put one in the lantern except in its right 
position. A landscape, or more especially a portrait, ap- 
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pearing suddenly on the sheet standing on its head, is an 
episode which disturbs both lecturer and audience, and 
will, for a time, entirely break the thread of the discourse. 
This can easily be avoided if the slides be marked in a 
certain way. If the slides are being used in fixed carriers, 
and are therefore simply in the form in which they are sold 
at the shops, each one should be marked with a white disc 
at the lower left-hand corner of the picture, taking care 
that the wafer is on the face of the picture, and by pre- 
ference, beneath the cover glass, so that it cannot be rubbed 
off. This white wafer will then come conveniently beJow the 
operator's thumb when the slide is in its inverted position, 
as it should be, before being placed in the lantern. 
The operator will then become accustomed to look for this 
white dot, which he can easily see even in a darkened 
room, and he will place his thumb above it, and the picture 
will of necessity appear on the sheet, as it should do. Tf 
the bnc'.v of the picture is placed next the light, of course 
everything on the sheet appears in reversed order. What 
should be the right hand of the picture appears on the left 
of the sheet, and vice versa. This is of no great conse- 
quence in some cases ; but if the picture should include 
any lettering, such as that on a sign-post or a shop-front, 
these letters will appear backwards, and the ^ult is at 
once detected by the audience, and commented on by them 
in audible whispers. I once had a volunteer assistant who, 
at short notice, supplied the place of my regular operator, 
who happened to be ill. In the middle of my lecture this 
man showed a slide upside down ; on seeing his mistake, 
he took it out of the lantern and put it in again sideways. 
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He fkgnin suw the error, tootc it ont of tlie lantern, and re- 
PIbc<m1 it, but on its other Eide; so, in reality, this genius 
tried every conceivable way of showing 
^^ft tliut picture but the correct one. 

*^^^H^ It is imperative that there should be 

^^^1 some well- understood code of gignals be- 

^^^K tween the lecturer and the lantern operator, 

^TJ^Pv ^^^ '" ""^"3 cnaes they are 50 feet apart. 

mm B^fc Some lecturers are content with verb; 1 

\ hM^ dirtctinnH, but these are siniply intoler- 
M iibic lo finy one with any idea of what 

f a lecture nhouid be. To hear a man 

enlling out. "Next pictnre, pleaae," and 
so on, utterly spoOs even a Jectnre which 
is good in other respects. An andible 
Bound signal, such as topping with a 
pointer, or sounding a gong when the 
picture is recjuired to be changed is 
almost as bad. A lecture lamp hag 
recently been introduced, whiih not only 
comprises a shade light for the lecturer's 
desk, hut has at the back, i.e., the side 
presented towards the audience, and there- 
fore towards the lantern, a little disc of 
Fig 71 ''^^ g^l^^a, which ia uncovered by touching 

a lever at the side of the lamp. See S, 
^g. 74. When the operator sees the little red flame dis- 
closed ho knows thiit a fresh picture is wanted, and should 
he be inattentive to that signal there is & little gong, B, below 
the lamp which can be used on such an emergency. This 
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lamp is portable, convenient, and efficient. But above all 
devices for signalling I prefer a simple electric arrange- 
ment. The one that I am in the habit of using consists of 
a single-stroke electric bell with the gong removed from it. 
When the current is sent through the coils of the attached 
magnet, the armature is of course attracted, and a little 
tap is heard, which, although quite unnoticed by the 
audience, is easily heard by the operator, who is on the 
look out for it. I used to employ in connection with the 
bell, — if bell it can be called, — a Leclanche battery which 
was placed just below my reading-desk. While on the 
desk itself I had an ordinary bell push, connected with 
both bell and battery. But this arrangement I have since 
superseded by a better one. The Equitable Telephone 
Company have brought out an electric bell which is quite 
independent of battery power, a small magnetic arrange- 
ment taking its place. This generator, as it is called, is 
shown at fig. 75. It acts most perfectly, and is destined, 
I should presume, to work a revolution in electric bell 
mechanism generally. The only inconvenience in the 
arrangement is the difficulty that is sometimes found in 
carrying the wires between the lecturer and the lantern, 
and so concealing them or putting them out of reach 
that there is no chance of their being tampered with by 
mischievous hands. In a lecture theatre, where there is 
commonly a gallery, the wires can be run round the 
front of the balcony quite out of sight. In other cases 
they can be laid on the floor underneath the carpet or 
matting. In nine cases out of ten there is no difficulty 
in adjusting them. The signal should be given about 
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Terj oomica] effects. I remember onc« tttteoding a lectiif 
where a namber of iDostratkiDS were shown of differeq 
types nf n.itional costumes. First of all there came 
woman in peiiaant'a dress. Tliis iras /ollowed b; a mi 

whose lower estremitiea were clothed in tight-fitting whj 
nnmentionablcs. It so hnppened that one lisnre occupioi 
oa the screen exactlj the same place &a the other. 
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that when the lady was slowly dissolyed into the gentle- 
man, the astounding effect was prodnced of her clothes 
gradually melting from her form. 

I must now bring my rcmarltB to a conclusion, with 
the hope that many will fiad my book useful. It the 
word Ego has crept in with too much persistence, I trust 
that my indulgent readers will impute it rather to personal 
acquaintance with the things of which I write than to any 
less worthy source. 
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Lantern-slides with transferro- 

type paper, 143. 
Lantern, Triunial, 15. 
Lecture-lamp, 270. 
Lenses, Condensing, 21, 23. 
Lenses, Objective, 26, 27. 
Lens, Supplementary, 22. 
Limes, 71. 
Lime-shield, 57. 
Limes, Preserving, 74. 

Magnetic experiments, 201. 
Making emulsion, 128. 
Making oxygen, 30 
Masks, Cutting, 142. 
Micro, Attachment, 220, 242. 
Microscope, Camera for, 215. 
Microscope, Lantern, 240. 
Mineral oil lantern, 7. 



Mixed jet, 53. 
Mixture, Oxygen, 40. 
Moonlight pictures, 159. 
Mounting, 141. 

Newton's Lamp, 6. 

Oakley's regulator, 64. 
Objective lenses, 26» 27. 
Opaque lantern, 244. 
Opaque lantern, principle 

of, 2. 
Optical system, 16. 
Oxycalcium jet, 50. 
Oxygen, Briu's method, 46. 
Oxygen, Compressed, 48. 
Oxygen-ether light, 83. 
Oxygen making, 30. 
Oxygen mixture, 40, 
Oxygen retort, 32. 

Painting with aniline colours, 

161. 
Photographs, Enlarging, 222. 
Photo-micrographs, 211. 
Portable frame, 93. 
Practical hints, 264. 
Preserving limes, 74. 
Pressure boards, 60. 
Primitive lime- light, 51. 
Printing clouds, 233. 
Prism, The, 182. 
Pure hydrogen. Advantage of, 

69. 
Purifier, or Wash-bottle, 37. 

Rack, Washing, 136. 
Regulator, Oakley's, 64. 
Retort, Oxygen, 32. 



Bird - slaw, Projeotion of, 

176 
Soiaptioan, S 
Soreene, 8G 
Sheet, Hanging, SS 
Short-tncQH loQi, 139 
Sigulling, 271 
Simple ret{a1a<or, 63 
Bir David BrewBter, 5 
Bk]r, Treatment of, 139 
Slides by conUct, 137 
Spectrum aiidfn, 18G 
Stonard'i olitmp. 5fi 
Steward's regulator, 68 
Sa peril uo us brauwork, 10 
Sapplementnry laaH, a3 
Sopport for loDtam, 356 

T*BU of diBtBDoes, 96 
Tank experimenta, 193 
Tannin process, 110 
Tlio Astcomoteoroacope, 180 
Tbe ChoreuCoBCope, 180 



The OalTsmnneter-Blide, 171 

Tbo Kaleidotropt^ 179 

The Priam, 182 

" Toilers of the Ttuunea," 

Frontitipiece. 
Treatment of aky, 139 
Trioninl diaHolver, 81, S2 
Trienial lantern, 15 
Tabes, 76 
TjDdall'a ice eiperiment, 197 

Uhe of oondenser, 18 

Vkutil'AL attachment, 12 
V..rtei rings, 191 

Wasifbottlb, or pariaer, 37 
Water, Decompositian of, 192 

Wet Collodioa-slides, 104 
Wbitewoahrd screen, 91 
Wood bur J' -type process, 113 
Working tbe lantera, 76 




READ WHAT PROMINENT 

.^\. JVC .^ ^r £3 T7 f%. JS 

SAY OF THE 

SUTER LENS. 

Messrs. Ai.len Bros. Nbw Vob«, Fcbruniy ac, 1SS9. 

Dear Sirs: Vou ask me to give yim my opinion of ihe Sntec Lens 
bought ol yoa three or fuur years ago. It gives mc pleasure (o write 
you llial it is my favorile lens for out-of-door work — I have eight of 
various makes. It works rapidly, and has great deplh of focus. 
Yours very truly, 

R. Swain GtifonD. 
Messrs. Allen Bros. Niw Yokk, February «i, 1K9. 

Dear Siks : I am glati to write you that the No. 4 B Suter Lens, 
which I bought of you some time ago, is very satisfactory. It is about 

Bs quick as my lens, and is very sharp focus. I use it almost 

entirely in my studio. Yours very truly, 

Louis C. Tiffany. 

Pmm the BallODD Pfaotofcnplier. 

Messrs. Allen Bros. WiNstKu, Ci., November jfi, 1B86. 

Although circumstances compelled roe to give up my projected bal- 
loon trip this fall, I have used my 3 A " Suter " for other work, photos 
of animals, viewing, etc. I am gliH to say that each time I have used 
it, it has impressed nie with a stronger sense of its good qualities. 
With your Lens ami a Prosch Duplex Shtitter, which is litted to it, I 
feel well equipped for quick work and feel confident of Kuccesa in my 
next balloon trip whenever that is. 

Very respectfully, 

John G, Doughty. 

ALLEN BROTHERS, ■ 

DETROIT, MICH. 

SoleAffeiiiitfitrtlip Unllmt StiUes. 



wm 

r VALUABLE INFORMATION 

L for Lantern SZ/rfo Makers and Lovers of the Magic Lantern, 

^ and everybody in general. 

f ^ THE ULLIPUT 

IDEAL DETECTIVE CAMERA. 

NEAT, 

COMPACT, 

SIMPLE. 
Uses ordinary Dry Plates 
2^ inches Square. 




Lantern Slides can be made from these small negatives 
ind thrown up on the screen to almost any size. 



Size of Camera, 4x4x6 Outside Keasarement. 

IllnstnteJ Ruuk of iDsiraclioiia smiapanjiD^ mcIi Canen. 



A fine sole-leather case and sling strap, six patent 
double dry-plate holders, a non-actinic lamp, and dry 
plates for 108 exposnres are included with this Camera, 
and the price is only $25.00. 



SEN D FOR CIRCU LAR. 

E. & H. T. ANTHONY & CO., 

No. 691 Broadway; N6w York. 

(a8o> 




MAGIC LANTERNS 



S. HAWKRIDGE, 

Stevens Institute of Technology, 
MOBOKEN, N, d. 



Manufacturer of Apparatus for Projection, Maglo 
Lanterns, etc-, including the 

COLLEGE LANTERN, 

with Vertical, Microeoopic, and Polarizing Attach- 
ments. 

Oxyhydrt^en Apparatus, G-as O«neratora, Wash 
Bottles, Steel Oylinders, Gauges, Patent Pressure 
Begulators. 

High and Low Pressure Dissolving Keys, Batetite^ 
May 22, IS8S. 

Spectrum Anal3rsis with EUeotrlo Light. 

Automatic or Hand Regulators. 

Also Apparatus for the BluBtration of the Piinoiplea 1 
of Light and Sound, by A. M. Mayer, Ph.D. 

Wales' Microscopes and Lenses. 

Spectroscopes and Spectrometers. 

MAGNESIUM, FLASH. AND RIBBON LAMPS, 

(BADd aod Automfttloi, Pnteata Applied for. 
Correapondetice SolMted. 

p. O; Box 187i HobdKeh, H. J. 

(iSi) 



The Magic Lantern. 



We Manufacfure 
rHOTO-OPTlCOflS. 
STIKEOPTICOIIS, 
SClOPTlfOIIS, 

MAGIC LANTEMS 




THE MclHTOSH-IVES SATURATOft 



Tile icott Brilliant ediI PowerM OirhjdiogSD Lima Light. A Psrfect Babatl- 

tDtefoTHTdrDgeTiiiTOiid-eaB, Storad vhhsnl a OasholdeT, aid Ewdjr 

Btalllimee. SnppUedto tba Blowpim Tit Simple Ueohuiloal 

Kaacs, vitliDiit &tX. AfiaOLIITELT vrTBOUT DAHQEK. 

G« our prides [f you want a IdtDtam, VleW", Uinrs, Sorccn, Cten, at 

ADylhlng neceuAry (or giving an lllnftlrAtod Ijcclnrv. Wc carry over 

20,000 VIEWS 

iwcINTOSH BATTERY & OPTICAL CO. 

141 * 143 Wabash Ave., CHICAGO, ILL. 



W. H. WALMSLEY.uMiTEo 

No. 1022 Walnut Street, 

PMILflDELPHlfl. 

Opticians and Pfiotographic Stock Merchants. 



Make a specialty of Imported Lanterns. Among these the 
Four-Wick 

By Hughes, of London, and Three-Wi.:k 

By Lavcrnc, of Paris, are the best oil-burning Optical Lanterns 
that we are acquainted with. 

WALMSLEY'S FHOTO-MICROGSAFEIC CAMERA 

is an excellent, practical instrument for this purpose, very 
largely in use in institutions of learning throughout the country, 
and in most of the Government Departments at Washington 
and elsewhere. 
We also furnish 

LANTERN SLIDES 

from many hundreds of subjects in all departments of Natural 
History from negatives by Mr. Walmsley. 

List of same on Application. 



Every description of Microscopic and Photographic Appara- 
tus and' Materials, in stock ; price lists of which will be mailed 
on applica,lion. 

W. H. WALMSLEY, Ltd., 

1022 Walnut St., Philadelphia. 




allow a constant cc 



the Laverhe LtNi'EKN HfTordB, 
adrantnEcs, snil Ihim lis BlmpUi 
even in tneiperiLiiced hnndB, n 

When packed for carrylag, In 

- * inehiia, and weighs 12 pounds ; the 
!n the lantern is in ase. 
The Case &nd Body of the Lantern arc at Russia Iron 
■ ifbnn. Thtttpartofthaliody which Hurroundsthi 
DvetinKbelneoriiamentallyi— ' — 
U> ciroulalo and keep down tl 

The LiKPlaor the Irtple wifik variety,. _ . .. 

Bouies combine, aud by draught of a ten-lneh ctdnmey give a DnioanL wniie 

The CoHDEHBEB is four Inches In diameter, neatly mounted In bmse, 
thoroughly venlilaled, and arranged with screw flange so that the leniiea may 
"■3 EcpaiatBd and cloancd w' -"-* 

■"-- "UNB, which carries 

latcd. Thoobjoctli „ 

ir aperture and Hvelneh focus, bo that at a distance o 

trom Ibe screen it gives a brilliant picture six feet in diameter. The k 
roughly obtained hy slidtng the front carrjinE ' " 



Gayton a. Douglass &. Co., 
PHOTOGRAPHIC SUPPLIES, 

186 & 187 Wabaah Ave., CHICAGO, ILL, 



BENJ. FRENCH & CO. 

ai9 W!isl|li(gtori Street, 
BOSTON, MASS. 

Sole Agents and Importers of the Celebrated 

YOlGTliNDIR IND DtRlOT LENSES. 

We have eipresbly constructed for us 

Darlot Lenses in Matched Pairs 
for the Stereopticon, viz.: 

l-4 8ize, 4j inohfocuB, each $7 OO 

1-3 " 6t .1 » 12 OO 

1-2 » 7 '■ '■ 14 eo 

2-3 " 81 " » II 31 OO 

4-4 ■■ lol » " 32 OO 

Darlot's Condensing Lenses. 

4i Inoh, per pair 85 OO 

41 1. I. e OO 

5 » " 7 60 

MountiDg in tin or brass extra. 

gS^ Our initials (B. F. & Co.) engraved on tlie barrel of the Darlot 
Lenses, is a sure proof of their genuineness and superior quality. -"Qit 

Our complete Catalogue sent froo, on application. 

(.86) 




WILSON'S PHOIOGRiPHIC MIGIIINE 

Is issued every fin-t and ihinl S:ilurila)r of llie month. Every number 
conlains a handsome photo-embellishmenl. It is inl en dec! to advance 
photography in (he highest sense. It is pnblished in the interest of its 
snbsciibers by its editor, owner, and pabtisher. lis embellishments 
and illustrations will be more numerous than ever. No magazine 
in the world pubhshes so many or gives such useful photographic 



SEND FOR PROSPECTUS AND PREMIUM LIST. 

SUBSCRIBE NOW. »5.O0ayTBr| S^.BO rnrSliMonlhii *l.u< 



EDWASDL. WILSON, 



853 BROADWAY, NEW YORK. 
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